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1.0 INTRODUCTION 

1.1 GENERAL 

Nevada Goldfields Inc. operates the Barite Hill gold 
mining project in McCormick County, South Carolina. The 
project consists of two small open pit mines; Main and 
Rainsford, a mine waste disposal area; Area A, a heap leach 
facility which consists of an asphalt-lined reusable pad, and 
a planned permanent leach pad, a storage facility for rinsed-
spent ore; Area C, solution ponds, and a process plant to 
recover gold from the leach solutions. 

The current and planned leach pads, ponds, and process 
facilities are designed as a closed-loop circuit (or closed 
system) , and will have a net water consumption requirement 
while operational. Operating plans and associated water 
balance calculations, demonstrate that the process water can 
be retained onsite and ultimately consumed by a combination of 
retention within the rinsed ore and evaporation. 
Consequently, no treatment facilities for solution discharge 
are incorporated in the operating process facility design. 
However, studies are ongoing in the event that some form of 
waste water treatment, or alternative system is employed to 
expedite ultimate closure. This is further outlined in 
Section 3.6 and Appendix A. 

The project was commissioned in January 1991, based on 
the current ore reserve, mining will be concluded at the end 
of 1994, leaching and rinsing will be concluded in 1995. 
Closure is scheduled to be completed in 1996. 

The reclamation plan herein presented is based upon the 
project plan as of December 1991. Additional exploration, 
mining experience, commodity price changes, or any number of 
other factors may alter the sequence of operations or 
reclamation. 

This plan is submitted as a supplement to the 
Reclamation Plan submitted on Form MR-500, 4-5-89, Exhibit D. 

1.2 SCOPE OF REPORT 

The reclamation plan is divided according to the 
principal features disturbed as a result of the mining 
operation. Rinsing of the leached ore, wetland reclamation, 
revegegatation, and closure monitoring are covered as general 
topics applicable to the entire project. 

1.3 DESIGN CRITERIA 

The goal of the reclamation planning is to stabilize 
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areas disturbed by mining operations and to restore a 
productive and self-sustaining vegetation cover. The site 
will be left in a safe condition with protection of natural 
resources. The proposed land use after completion of mining 
operations is as a grassland, since this is the most 
practicable vegetation type that can be re-established. 

2.0 SITE DESCRIPTION 

The project site is located in McCormick County, about 
three miles south of McCormick, South Carolina. It is located 
along a topographic high area in the headwaters of an unnamed 
tributary which drains into Hawe Creek. 

2.1 TOPOGRAPHY 

The project site lies along a ridge above tributaries to 
Hawe Creek. The average elevation along the ridge is about 
480 ft, with elevation of about 510 ft being the ridge high 
point, and elevations along the Hawe Creek tributary on the 
northern boundary of the site at about 400 ft. The 
surrounding topography is comprised of rolling hills with the 
ridgelines at about elevation 500 ft. 

2.2 VEGETATION AND WILDLIFE 

The site is generally a wooded area with a mixture of 
second growth pines and hardwoods. About 52 acres along the 
mid to western end of the ridgeline were recently clear cut 
for lumber production. 

The site is not within the boundaries of any areas 
designated as "Wildlife Management Areas" by the State 
Wildlife and Marine Resource Agency. 

Wildlife and vegetation studies for the site which were 
completed as part of the environmental baseline studies were 
previously submitted (Dames & Moore 4-10-89, ETE 9-15-89). 

2.3 CLIMATE 

The project is located in a region of moderately high 
precipitation. Based on data collected from regional weather 
stations, the annual precipitation and evaporation are 47 and 
46 inches respectively. 

2.4 LAND STATUS 

The land holding consists of nine tracts totalling 1,619 
acres. The entire tract consists of fee land, no federal 
lands are impacted by the project. The actual affected land 
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from the mining operation is estimated to be 127 acres. 

2.5 SURFACE HYDROLOGY 

The most significant surface drainages at the project 
site are two tributaries to Hawe Creek. One perennial 
tributary runs along the north side of the site and by visual 
observation contains the highest flow. The second tributary 
starts on the south side of the site and then drains northward 
along the west side of the site, and appears to be ephemeral. 
The confluence of the two tributaries is about 200 feet 
northwest of the overall property boundaries. An intermittent 
creek is on the east side of the site. 

The site is along a southwest-northeast oriented ridge 
with no creeks through the site. Surface runoff from the site 
is directed to the drainage described above. Most of the site 
acreage drains into the Hawe Creek tributaries to the south 
and west as described above. 

2.6 GROUNDWATER HYDROLOGY 

To date no groundwater has been intercepted above the 
limits of the proposed mine pits. Based on data available, 
the groundwater level is estimated to be at about elevation 
380 to 400 ft or lower. 

Detailed discussion of the site groundwater hydrology is 
included in the Rinsed Agglomerate Disposal Facility, Final 
Design Report, ETE 3-90. 

3.0 RECLAMATION DESCRIPTION 

As of January 1992, including the main access road, a 
total of 97.4 acres were disturbed. Current planning calls 
for a total disturbance of 127 acres. The current planned 
reclamation sequence is based on nearly immediate reclamation 
of any site which is no longer required by the mining or 
process operations. 

Scheduled reclamation dates and estimated total costs to 
complete the reclamatxon of individual segments for the entire 
project are listed in Appendix E. Exhibit 1 details the 
reclamation segment areas. These items will be updated and 
submitted to LRCC on a yearly basis. 

Exhibit 2 shows the final reclamation contours and 
drainage patterns. 
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3.1 MINE PITS 

The mine pit slopes will be stabilized by dozing or 
blasting areas, benches, or slopes determined to be unstable. 
It is not feasible to vegetate the pit slopes and benches, 
since the rock surfaces are not amenable to topsoiling and 
seeding. Experience with pits in similar areas has shown that 
natural revegetation will occur on some of the stabilized 
areas by hardy, pioneer plant species. 

The north end of the Main pit will be relatively shallow. 
A drainage channel will be cut through the pit slope and 
daylighted to allow for positive drainage of precipitation 
within the pit area. The area within the pit will be regraded 
so that water will not accumulate within the pit unless the 
determination is made to create a wetland area within the pit 
bottom (Section 5.0). A fence will be constructed around the 
Main pit to prevent access. Pit perimeter areas will be 
revegetated, the pit floor will be evaluated for revegetation 
depending upon its end use. 

A portion of the mine waste from the Main pit will be 
placed into the Rainsford pit. Reclamation of the Rainsford 
pit will consist of contouring for drainage and revegetation. 

3.2 WASTE ROCK DISPOSAL AREA 

The retention berm in waste area "A" will be left in 
place. The mine waste disposal area will be graded to provide 
stable slopes of not greater than 3H:IV. Slopes on the 
surfaces of the waste disposal area will not be less than one-
quarter percent to provide runoff and prevent ponding. 
Drainage channels will be re-established to provide for runoff 
and prevent erosion. Measures used to control erosion and 
sedimentation in drainages and channels will consist of hay 
bale dams or small check dams of rock or soil. The site will 
be revegetated as described in Section 6.0. 

The sediment control ponds located in waste areas "A" and 
"C" will be left in-place and reclaimed for usage as 
replacement wetland areas, this is further described in 
Section 5.0. 

In order to minimize total disturbance, waste area "B" is 
no longer scheduled for development, at this time. This will 
result in a property disturbance reduction of approximately 49 
acres. The waste originally planned for area B will be stored 
in the A area and the Rainsford Pit. 

3.3 AREA C LANDFILL 

The area C landfill will be filled by the third quarter 
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of 1992. Upon completion, a two foot thick final cover will 
be left with a surface slope of at least 1% but not exceedxng 
4%, which will be graded to promote positive drainage. Side 
s lopes wil 1 not exceed 3H: 1V. The upper one foot of 
agglomerates will be compacted to a permeability of no greater 
than lxlO"6 cm/sec. This layer will serve as the lower one 
foot of the final cover. Upon completion of the low 
permeability layer, a protective layer of at least one foot of 
topsoil capable of supporting vegetation will be applied. 
This area will the be revegetated as described in Section 6.0. 

Leachate, if any, will be collected as long as its 
generation continues or until it meets groundwater standards. 

Once the landfill is covered with the two foot thick 
final cover it will be graded such that surface runoff is 
collected and transported to NPDES outfall 003. The surface 
channel will be replaced with a pipe sufficiently sized to 
carry any additional leachate collected from the landfill. 

3.4 ASPHALT LEACH PAD 

The asphalt leach pad is scheduled for reclamation when 
Phase 1 of the permanent leach pad is underway. Any 
agglomerates remaining on the asphalt leach pad prior to 
reclamation will be placed on the permanent leach pad area for 
additional leaching and rinsing; they will be reagglomerated 
if necessary. The asphalt pad will be thoroughly rinsed, then 
removed and either disposed of in the permanent pad when it is 
reclaimed; sold for reuse; or it will be removed and disposed 
of in a suitable landfill, (subject to waste classification). 
The clay liner under the asphalt will be evaluated and will be 
properly disposed of, if required. 

As soon as the asphalt pad is removed, the area will be 
regraded to conform with the area drainage plan and be 
revegetated as described in Section 6.0. 

3.5 PERMANENT LEACH PAD 

The final agglomerate surface will be graded to account 
for long term settlement and positive drainage. The leach pad 
areas will be graded to provide stable slopes of not greater 
than 3H:1V. Slopes on the surfaces of the leach pads will not 
be less than one-quarter percent nor greater than 4% to graded 
to promote positive drainage. The final surface of rinsed 
agglomerates will be compacted to a minimum depth of one foot 
except for the bench slopes. Bench slopes will be track-
walked with a dozer. The compacted surface will then be 
covered with 6 to 12 inches of topsoil. The prepared areas 
will be revegetated. 
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Drainage channels will be re-established to provide for 
runoff and prevent erosion. Measures used to control erosion 
and sedimentation in drainages and channels will be hay bale 
dams or small check dams of rock or soil. 

3.6 PROCESS SOLUTIONS 

Onsite experience and review of published reports 
indicate that process solution volumes can be readily managed 
within the Barite Hill solution system without discharge. In 
addition, extensive "what-if" modeling of the Barite Hill 
water balance verifies that with proper management of the site 
solutions, the water balance can be maintained at an 
acceptable level and closed out in a reasonable amount of time 
utilizing evaporation. Details of the water balance are 
contained in the report: 1992 Water Balance Study for the 
Barite Hill Gold Project, WESTEC January 1992. 

In the event it was determined to further expedite the 
closing of Barite Hill, additional means of improving 
evaporation, (such as heat addition), as well as a number of 
treatment alternatives are being actively evaluated. The 
treatment alternatives include chemical treatment and 
discharge as allowed under the NPDES permit, or land 
application. Test work and proposals regarding these or other 
methods are ongoing and will be submitted as they are 
completed. A summary of test work completed to date is 
included in Appendix A. 

3.7 PROCESS SLUDGE AND SOLUTION PONDS 

The process collection ponds will be decommissioned 
following closure of the permanent pad. Rinse waters meeting 
minimum permit requirements will be discharged as allowed by 
current permits or will be evaporated, when all liquid in the 
ponds has been removed, the remaining pond solids will be 
subjected to meteoric water mobility testing to determine if 
the material has a potential to degrade State waters if left 
in place. If the tests determine that the material has a 
negligible potential to degrade waters, the synthetic liner 
will be folded around the solids and buried in-place utilizing 
onsite clayey soils. If the test indicates a potential for 
degradation, the solids and possibly the liners will be 
treated as hazardous waste and removed to an approved 
facility. 

The pond site or hole will be backfilled and graded to 
drain precipitation away from the area to further minimize 
infiltration potential. The areas will then be revegetated. 
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3 . 8 PROCESS PLANT/CRUSHER/AGGLOHERATOR 

The process equipment and related facilities, (tanks, 
pumps, piping, etc.) will be dismantled, cleaned as required 
to allow shipping, and removed from the property. All office 
and storage facilities will be removed. The process building 
and concrete slabs may be dismantled or left depending upon 
the ultimate land disposition. Upon final reclamation of the 
ponds, the fencing will be removed. 

The crusher facility, conveyor belts, and agglomerator 
will be dismantled, cleaned as required to allow shipping, and 
removed from the property. The trailers will be removed. The 
concrete pads under the agglomerator and conveyors will be 
pulled up and disposed of within the pond site plastic, within 
the reclaimed permanent heaps, or will be removed from the 
property depending upon final waste classification. 

After cleanup is complete, the sites will be revegetated 
as outlined in Section 6.0. 

3 .9 ROADWAYS 

Roads which are no longer required will be resloped to 
promote drainage, scarified, reseeded, and blocked off. Roads 
which are retained will be graded to insure proper drainage. 

4.0 RINSING AND DECOMMISSIONING OF THE HEAP 

Upon cessation of active leaching operations, the spent 
heap will be rinsed and neutralized per the permit 
requirements. Based on current studies. Appendix B, rinsing 
operations will primarily utilize hydrogen peroxide as a 
detoxifying agent, fresh water will also be used if the water 
balance allows. Testing indicates that complete rinsing of 
the heaps can be achieved in 120 days. Current planning calls 
for a minimum rinsing period of 240 days, with rinsing periods 
of up to 360 days. For planning purposes within the phased 
pads, a phase is assumed to remain open (reclamation cannot be 
completed) until the adjacent phase has been under rinse for 
a minimum of 120 days. 

Rinsing of the spent heap on the permanent pad will be 
conducted on an intermittent basis to allow air to enter the 
heap and aid in degradation of cyanide species. The 
application rate of rinse solutions will be determined by the 
permeability of the heap, by experience gained during leaching 
operations, and from rinse-ability tests conducted during 
project operations. Rinseate draining from the heap will be 
routed to one of the lined collection ponds and either re
circulated onto the heap for additional rinsing or allowed to 
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evaporate. Samples of the rinsate will be collected on a 
regular basis. Rinsing will continue until rinseate values 
meet applicable limits as specified by the operating permits. 
At that time, rinsing will cease and the heap will be allowed 
to dry. Representative samples across and through the heap 
will be collected and subjected to meteoric water mobility 
tests. If the results of these tests indicate that the spent 
heap does not have the potential to degrade the waters of the 
State as a result of leaching under normal meteoric 
conditions, the heap will be considered neutralized. If the 
tests indicate that contaminants may be mobilized in 
sufficient quantity to degrade the waters of the State, 
rinsing of the heap will continue, or upon consultation with 
regulatory agencies, other methods will be considered to 
stabilize the heap, including placement of clay caps and 
revegetation of the heap surface for reclamation. 

5.0 WETLAND RECLAMATION 

The sediment control bench within the A-dam area, and the 
sediment control ponds at the A-dam, C/permanent pad area, and 
Main pit will be left as permanent impoundments for wildlife 
and water fowl use. These ponds will gradually silt in, and 
become established as productive grasslands. The edges along 
the contact with natural ground will be restored as "hardwood" 
wetlands. 

It may be feasible to expose the floor of the Main Pit to 
the flood plain of the adjacent tributary thereby creating 
additional wetlands area. The feasibility of this option will 
be a function of the final pit floor elevation. At closure, 
this option will be re-evaluated. 

6.0 REVEGETATION METHODOLOGY 

6.1 SOILS STRIPPING AND STOCKPILING 

The topsoil and subsoils suitable for use in reclamation 
will continue to be stripped from all areas prior to 
disturbance. The depths and areal extent of the soils 
suitable for stripping are field determined prior to the start 
of removal. 

The soils are stripped using appropriate equipment and 
transported to identified soil stockpile areas. The 
stockpiled soils are stabilized, then seeded with a quick 
growing vegetative cover such as annual rye grass. 
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6.2 SURFACE AND SOIL PREPARATION AND AMENDMENTS 

After establishing the final site grade for a reclaimed 
area, the surface to be reclaimed will be roughened prior to 
placement of topsoil to ensure a good contact. Areas 
compacted by heavy machinery in haulage routes, roads, or 
process sites will be rxpped to a maximum depth of two feet to 
allow for root and water penetration. 

The soils on site will be tested, if necessary, for 
amendment requirements prior to spreading of topsoil. The 
stockpiled soil will be spread on the graded and prepared 
surfaces to an average depth of eight inches, and a 
predetermined amount of fertilizer and lime will be applied. 
The surface will be disked to work the material into the soil 
and prepare the seedbed. 

6.3 REVEGETATION 

The prepared seedbed will be revegetated to a grassland 
standard using a seed mix as recommended by the Cooperative 
Extension Service, Clemson University or as developed on site. 

The current seed and fertilizer mix being used is as 
follows: 

Seed Cobe Lespadisa 
Fescu 
Bahah 
Rye (Fall/Winter) 
Browntop Millet 

(Spring/Summer) 

• 10/10/10 

Topography 
Flat 
25 (lb/Ac) 
10 
10 
10 
10 

600 lb/Ac re 

Slope 
50 (lb/Ac) 
20 
20 
20 
20 

Fertilizer 

Lime 1,000 lb/Acre 

Mulch 1,500 lb/Acre 

This mixture will be broadcast at the specified rates. 
Adjustments to the mixtures, or rates will be carried out as 
experience is gained. Review of the mixture, topsoil, and 
slope characteristics will be ongoing and will be adjusted as 
needed. 

The planting will be done as an area is prepared. As 
required, the revegetated areas will be top-dressed in late 
winter to provide for spring growth. 
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6 . 4 MAINTENANCE AND MONITORING 

To allow for a good stand of vegetation to become 
established, the revegetated areas will be protected 
throughout the f irst and second growing season. The 
vegetation will be monitored in the spring and all of the 
first growing season to determine plant germination and growth 
success. If necessary, remedial measures such as reseeding, 
additional fertilization, and weed suppression will be 
employed. At the end of the second growing season, the 
vegetation will be surveyed to ensure that there is at least 
a 75 percent ground cover, and no large bare spots exist. 

The schedule for performing reclamation will be 
determined by mining and processing activities. Interim 
erosion control and stabilization will be done on any areas 
bared during construction or on features such as topsoil 
stockpiles, road cuts and fills, and building sites. Final 
reclamation and stabilization of the project site will 
commence as soon as the operations cease and be completed no 
later than the fall after the year of closure. 

7.0 POST CLOSURE MONITORING 

The post closure monitoring of the monitor wells and 
landfill will be as outlined in the Groundwater Monitoring 
Plan submitted as a requirement of the Landfill Permit, IWP-
242. A copy of this plan is included in Appendix C. 

The site will be monitored upon completion of the initial 
site reclamation. In part, this monitoring will consist of 
insuring the drainages are operational and adequate, that 
sediment control structures are maintained and operational, 
and that the vegetative ground cover is returning as 
prescribed. 

8.0 OTHER RECLAMATION AND SAFETY PROVISIONS 

The property and operations area will have information 
and warning signs posted and maintained. Access will be 
controlled by fencing and gates. 

Upon completion of reclamation activities in a specific 
area, organics which have been stockpiled around the perimeter 
will be pulled back and scattered over the site. 

Sediment control structures will be maintained as 
required until a satisfactory reclamation has been achieved 
which will prevent unnatural sediment runoff from the project 
site. 
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Drainage will be established to prevent undesirable 
ponding or soil erosion. 

Trash or any other non-native debris will be collected 
and disposed of in an appropriate manner. 
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APPENDIX A 

WATER TREATMENT STUDY UPDATE 



Preliminary Results -
Wastewater Testing Plan, Phase II 
Nevada Goldfields, Inc. 
Barite Hill Mine 

January 1992 

The testing program was based on the assumption that cyanide 
removal is feasible as demonstrated in the Phase I testing program 
preformed by Nevada Goldfields and Lyntek. This proved to be the 
case with the sample run during this test. 

The scheduled tests are to determine if discharge limits can be 
achieved under lab conditions using excess chemicals. Reagent 
optimization will be conducted at a later date after the various 
treatment schemes have been reviewed. 

All test solution will be plant barren solution which has had the 
cyanide removed by alkaline chlorination in the lab. Excess 
chlorine will be removed by bubbling sulfur dioxide through the 
solution. The solution will then be divided into test aliquots to 
test the next steps of treatment. 

Because of the low metal limits, it will likely be necessary to add 
a commercial flocculating aid as a final step. Tests to determine 
what compounds to add and optimum addition rates are generally done 
best by the various companies. Nalco, Drew Chemicals, Polymer 
Ventures, and Calgon will be contacted, and aliquots of the final 
solution from each test will be used by them to determine the 
polymer addition scheme each company recommends. If polymer 
addition appears not to help, other treatment schemes, such as 
carbon polishing or reverse osmosis may be tried. 

TEST 1 - This test will use hydrogen sulfide gas to reduce and 
remove the chromium along with the other heavy metals. The 
advantage of this type of treatment is that it is only one step in 
addition to cyanide removal. While the reagent cost is high, the 
overall cost may be less because only one chemical is used. The 
sludge formed from this process is definitely toxic. 

Step 1 
Step 2 

Step 3 
Step 4 
Step 5 
Step 6 
Step 7 

Remove Cyanide 
Check pH (Make sure it is above 8 to keep from 

forming toxic hydrogen sulfide gas) 
Bubble through H2S 
Stir 
Allow reaction time (30 min) 
Filter on .45 micron paper 
Test filtrate for metal 

Test 1 has not yet been conducted because of the back-order on the 
chemicals used for gas generation. They are now in the lab and the 
test will be completed by the end of January. 



TEST 2 - The test used a two stage process. The first to reduce 
the chromium to a form which can be removed by metal precipitation, 
and the second to precipitate all the metals. Ferrous sulfate was 
used as the reducing agent. The decantation step in this test is 
to simulate solution movement as if one pond will be used for 
chromium reduction and one pond for metals precipitation. 

Step 1 Remove Cyanide 
Step 2 Lower pH to 2.0 using H2S04 
Step 3 Add FeS04 (8:1) 
Step 4 Stir for 5 minutes 
Step 5 Decant into another beaker 
Step 6 Raise pH to 10.5 with 50% NaOH 
Step 7 Allow to react for 30 minutes 
Step 8 Filter on .45 micron paper 
Step 9 Send off aliquot for metals analysis 

The results of this test showed the removal of the chromium 
(although the initial barren sample had very little to start with). 
However, copper, mercury, and selenium were high. 

TEST 3 - This again was a two stage process. This time S02 gas is 
used to reduce the chromium. S02 is probably the cheapest 
reductant. The metals are precipitated out using hydrated lime 
rather than sodium hydroxide. The cost for the lime is less than 
the hydroxide but it will be harder to treat water in already full 
ponds due to the mixing problems it poses. 

Step 1 Remove Cyanide 
Step 2 Lower pH to 2.0 using H2S04 
Step 3 Add S02 gas (1:1). Bubble through a diffuser 

for 5 minutes 
Step 4 Decant into another beaker 
Step 5 Raise pH to 10.5 with lime 
Step 6 Allow to react for 30 minutes 
Step 7 Filter on .45 micron paper 
Step 8 Split sample, send off aliquot for metals 

analysis. 

These results were also not too promising. The final sample was 
split and the pH adjusted to 8.2 in one sample to compare the metal 
solubility at different pH. The copper was still far to high, at 
either pH. 

TEST 4 - At the advise of the various polymer salesmen I talked to, 
a fourth test was added, using an organic carbamate as the only 
reactant. The carbamate is supposed to act like a sulfide in its 
reaction with the metals. 

Step 1 Adjust pH to 8.2 w/ 10M NaOH 
Step 2 Add three drops of carbamate 
Step 3 Let stir for 30 minutes 



Step 4 Add coagulant to help settle floe 
Step 5 Filter on .45 micron paper 
Step 6 Send off aliquot for metals analysis 

This test had the best metal values but the worst copper values. 
It will be interesting to compare these results with those we get 
from the hydrogen sulfide test, because while I was told this is a 
sulfide precipitation, carbamates per se are not sulfur compounds. 

The solids were collected in each test and air dried to a constant 
weight. Nothing further will be done with these solids because of 
the poor results of the tests. 

Tests were done with chemicals suggested by Polymer Ventures, with 
the best results to date on copper, but still not within discharge 
limits. Tests with Nalco and Drew chemicals are scheduled to be 
run next week. It is expected that the cost of running these tests 
will be significantly reduced by assaying the samples for copper 
in-house to AA limits (approximately .1). This should help 
determine which addition schemes produce results worth sending off 
for more accurate analysis. 

Results of all tests done to date are enclosed. 
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Laboratory Analysis Report 

Work Order # 91-12-148 
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8 7 . 2 

06 

TEST 3B 

<0.01 

1.12 

<0.02 

0 .0008 

<0.025 X 

<0.005 

0 .21 

AFTER 

03 04 | 

CHL0NNA- TEST 2 j 

HOM ^ — T - - r - l 

QjAiO&^&'iS10 ^ 1 

0.02 <0.01 [ 

4 .76 0.44 | 

0.07 <0.02 | 

0.0055 0.0024 j 

0.048 0.028 | 

0.015 <0.005 j 

0.120 0.180 j 

<0.005 j 



DaVIS & Floyd , IHC . Laboratory Analysis Report 

Page 2 Work Order # 91-12-216 

Received: 12/30/91 01/09/92 10:58:50 

Test Description 

TRIVALENT CHROMIUM 

COPPER (TOTAL) 

ZINC (TOTAL) 

MERCURY (TOTAL) 

ARSENIC (TOTAL) 

LEAD (TOTAL) 

SELENIUM (TOTAL) 

Units 

mg/l 

mg/l 

mg/l 

mg/l 

mg/l 

mg/1 

mg/l 

WW TREATMENT 

TEST | 

<0.01 | 

2.04 j 

0.08 j 

<0.0002 j 

0.024 j 

<0.005 j 

0.16 j 
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Received: 01/08/92 01/15/92 14:21:52 

Laboratory Analysis Report 

Work Order # 92-01-042 

I 
[Test Description 

I 
I _ ___ 
(CHROMIUM (TOTAL) 

|C0PPER (TOTAL) 

s 
[MERCURY (TOTAL) 

I 
[Test Description 

I 

|CHR0HIUH (TOTAL) 

jCOPPER (TOTAL) 

(MERCURY (TOTAL) 

Units | 

rag/t | 

mg/l | 

mg/l j 

Units | 

mg/L | 

mg/l [ 

mg/l j 

#1 

#5 

01 

<0.01 

0.93 

0.0009 

05 

<0.01 

0.44 

0.0010 

#2 

#6 

02 

<0.01 

1.27 

0.0009 

06 

<0.01 

0.16 

0.0005 

03 

#3 

<0.01 

1.07 

0.0009 

#4 

04 j 

<0.01 | 

0.69 J 

0.0003 j 

S o ^ M ^ r ENTURES 

Jon Fabri 

W (aUJJ 863-8318 .Res. (803) 795-8507 



M0 M 8 ? ' 9 1 1 2 : 2 9 L V N T E K I N C P. 02 

Octobe r 2 5 , 1991 

i Mr. R i c k Dye 
Nevada Goidfields, Inc. 
Barite Hill Project 

: P.O. Box 1510 
: McCortnick, SC 29835 

Dear Mr, Dye: 

• Following is a summary of the water treatment testwork completed to 
date at the Barite Hill laboratory along with recommendations for 
Phase 2 of the study. Phase 1 of the program has been completed, 

; however, the results have been less than encouraging. 

Tests 13 through 21 were conducted to evaluate several common 
methods of water treatment to eliminate cyanide and heavy metals 

! frost solution. The water that was treated was plant barren. The 
: barren solution is currently showing an excess in inventory at 
Barite Hill and vould be the target for treatment and release. 
Table 1, is a suiraiary of all of the results from the tests. 

I Two stage chlorination tests were conducted utilizing both so&iusa 
and calcium hypochlorite. The tests were run generally following 
the procedure outlined in the communication to the Barite Hill site 
from Lyntek, .inc dated September 16, 1991. Tho. stoiciometric ratio 
of (OC1) to cN was approximately 14 ;l for the first stage and 7:1 
for the second stage, the recommended level of additions. 

Tests 16 and 18-4 were conducted on on 9-24 and test IS was 
performed on 9-25, Presumably the same barren sample and 
procedures were followed for all tests. 

The results were xery erratic. Mercury results indicate analytical 
error or contamimted samples could have occurred. The results for 
the tests show ar. order of magnitude more mercury in the effluents 
that in the barren feed. 

Cadmium in the iarren feed and effluent samples of every test 
conducted was below the detection limit of 0.001 ppm. The NPDES 

i requirement for cadmium is 0.01 ppm. Cadmium analysis can probably 
be eliminated frca the analytical scheme except for analysis of the 
feed barren for tie next set of tests and perhaps one check on one 
effluent. 

1 



Barium in the barren feed was 1.23 ppm which is very close to the 
NPDES limit of 1.0 ppm* Removal of barium to less than 1.0 ppm was 
accomplished in every test except for Test 20, which has shown very 
inconsistant results in several areas- Barium analysis should also 
be eliminated from the analytical scheme expect for barren and two 
effluents as listed in the list of second phase tests, following. 

Selected results of the tests are sh< for c< ison in Table 2. 

TABLE 2 COMPARISON OF RESULTS OF CHLORINATION TESTS 

No data is available on free cyanide or WAD cyanide results for the 
chlorination tests. Total cyanide was run by the outside lab for 
fchf» e f f l u e n t f >-om t-£>.<=+• i ^ ^r»i v <nv»^ ^.^r,-,i i- ----. 

wfi.T-xii£ Rruzs n iQi i ro r rot .ai cyanide i s 0 .01 
. _ J-I^. 

at higher levels in the effluent than in the feed, that it should 
probably be ignored in the evaluation process, 

Arsenic removal was facilitated by two stage chlorination. 
Although the detection limit was above the NPDES retirement, a 
significant advantage was observed with the second stage addition 
of hypochlorite. 

>er removal was also significantly enhanced by the second stage 
of chlorination, although the NPDES level of 0,001 ppm was not 
quite reached, 

Lead and zinc results are very erratic when Test 18-4 is 
considered, but very consistant if Test 18-4 is thrown out, NPDES 
limits for both metals are easily met by chlorination. 

Since no comparative data is available, and the results on 
metal removal are so inconclusive, repeating of the double 
chlorination utilizing both calcium and sodium cation is indicated. 



Single hydrogen peroxide tests vers conducted utilizing copper 
added as a catalyst* Tests 15 and 20 were single stage tests 
utilized additions of about 7:1 H202:CN for CN concentrations 
above 2 ppm, which both barren feed solutions were. Test. 19-4 was 
a confinning test for the VM-40 reagent which will be discussed 
later- Test 14 utilised a single stage of peroxide addition at 7:1 
followed by 0.167 grains per liter of Ca(0n}2. 

The results for total cyanide (0,668-0.74ippm), Copper (1.97-
4.46ppir>}; and Selenium (0.223-0.246ppm) v. ere relatively constant 
for the four tests. Results, however varied significantly for 
other metals as shown in Table 2. 

Again, barium and eadtniujn levels are acceptable for all tests. 
Zinc reduction is also acceptable for all tests. 

Selected results of the peroxide tests are shown in Table 3 ., 

COMPARISON OF RESULTS Or KYDftCGEN PEROXIDE TESTS 

The results for copper are not unexpected due to the 5 ppm addition 
to act as catalyst, A second stage of treatment, probably 
chlorination, would probably reduce the copper levels to within an 
order of 'magnitude as indicated in test 21, double chlorination, 

The total cyanide achieved with peroxide is not an acceptable level 
according to the NPDES limit, In the next round of tests, the free 
and WAD cyanide analysis should be conducted on every effluent in 
addition to the total. These analyses should shed some light on 
the trends to be expected relative to various species of cyanide 
neutralised by the different oxidizers employed. 

Arsenic has been reduced to the detection level in one peroxide 
test only; that one employing lime addition. This might indicate 
that if peroxide is utilized, that the pH could be kept at a 
relatively high level, 12.5 or more with lime for at least one 
stage. 



Lead and zinc levels below NPDES to be achievable with single stage 
peroxide reaction with the notable exception of Test 20 for lead, 
which could be an inconsistant analytical result only. It should 
be noted that other metals levels results from Test 20, chromium, 
and mercury in particular, are an order of magnitude higher that 
other tests in general, indicating a possiblity that the test was 
conducted improperly or that the samples were contaminated. 

Practically no chromium reinoval was achieved by peroxide 
neutralisation, with Test 20, again, showing more chromium in the 
effluent than in the feed barren-

Mercury reinoval was relatively erratic with more mercury in the 
effluent than in the feed for Tests 15 and 20. This may be 
analytical error due to the result of being very close to the 
detection limit. 

FERROUS SULFATE/HYDROGEN PEROXIDE TEST 

Test 13 was conducted utilising ferrous sulfate first stage 
addition followed by hydrogen peroxide reaction. The test was run 
utilising 4:1 FeS04. 7H20:CK free for 6 hours at a starting pH of 
11.26. The final pH was 8.9, The solution was filtered on 0.45 
micron paper, the free cyanide was analyzed and 6:1 H202:CN was 
added and reacted for an unknown time. 

The resulting free cyanide run at . Barite Hill was 5.4 ppm. The 
total was run by the outside lab with a result of 93.6 ppm. The 
KPDES level of O.Olppin total was not approached by this sequence, 

Barium, cadmium, lead, and sine reached levels below the NPDES 
limits. Again, mercury in the feed and effluent were the same at 
<0.001 ppm. 

This seguence produced the only chromium result, <0.0a3, of all the 
tests that was below the NPDES limit of 0.011 ppm. 

Selenium and arsenic effluent levels were higher that the barren 
feed. 

Copper reduction was to a level of 8.32 ppm vs. the NPDES limit of 
0.001. 

Evaluation of the results, particularly relating to cyanide and 
copper removal indicate that this scheme will probably not work too 
well, and can probably foe eliminated from the test program. 



ff5&YMER YSNffPRES MRfM, RSMQV&L TESTS 

Results of all of the tests conducted to evaluate the capabilities 
of these reagents were unsatisfactory. It should be noted, 
however, that the results of the control tests, numbers 18-4 and 
19-4 produced unsatisfactory results, therefore the problems 
initially seen with the polymer reagents were not necessarily due 
to those reagents. 

If this reagent is used in the second phase of the testwork, these 
reagents should be tested at the aaxitaum level of 400 ppm in 
conjunction with chlorination and hydrogen peroxide. considering 
th& high cost of analysis, and the limited initial result, one test 
only of each are indicated* An economic analysis shows that this 
reagent will be very costly and currently not showing significant 
results. 



SECOND STRSE TREATMENT _TEST PROGRAM 

Due to the limited useful results obtained from the initial series 
of tests, it is recommended that the entire test program be 
repeated as initially run* The list of tests to toe completed 
follows: 

Chlorination Tests 

Test 1. Two stage Chlorination - Calcium Hypochlorite 

1. Adjust the pH to 10*5 
2. Add Calcium Hypochlorite at a stoiciometric ratio of 

3 or 4;1 OClifree CN. 
3. React for 30 minutes 
4. Allow to settle and filter on 0,45 micron paper 
5. Measure free CN 
6. Adjust pH to 8.0 
7. Add Calcium Hypochlorite at a ratio of 6:1 Ocl: free 

CN left in effluent from first stage 
8. React for one hour 
9. Allow to settle and filter on 0.45 micron paper 

Monitor free en 

Test 2. Two stage Chlorination - Sodium Hypochlorite 

1. j Repeat Test 1. 

Test 3* Two stage Chlorination - VM 40 Polymer Reagent 

1. Repeat Test 1 - Calcium Hypochlorite 
2. Add 400 ppm of VM-40 Polymer reagent 
3. React for 15 minutes 
4. i Flocculate (optional), allow to settle and filter on 

0.45 micron filter 

Test 4, Single stage Chlorination - Sulfidiaation 

1. Repeat steps l through 6 of Test l 
2. Add 100 ppm Potassium Meta-Bisulf ite or Hydrogen 

sulfide 
3. React one hour 
4. Allow to settle and filter on 0.45 micron paper 



^ Hydrogen Peroxide Tests 

j Test 5. Single stage Hydrogen Peroxide 

1, Adjust pH to 11.5 
2, Add 6 ppm Cu as CuS04.5H20 solution 
3, Add H202 at a stoiciometric ratio of 4:1 H202:CN 
4, React for 3 hours 

\ 5. Allow to settle and filter on 0.45 micron paper 
Monitor free en 

Test 6, Two stage Hydrogen Peroxide 

i. Follow procedure for Test 5 
2- Measure free cyanide concentration 
3. Adjust pH to 10.5 to 11,0 
4. Add 6 ppm Cu as CuS04.H20 solution 
5. Add H202 at a stoiciometric ratio of 4:1 H202:CN if 

the free cyanide level is greater than 2 ppm, or 6:1 
if the level is less than 2 ppm, 

6. React for 3 hours 
7. Allow to settle and filter on 0.45 micron paper 

Test 7. Two stage Hydrogen Peroxide - VM 40 Polymer 

1. Follow procedure for Test 6 
2. Add 400 ppm of vW-40 Polymer Reagent 
3. React for 15 minutes 
4. Flocculate(optional), allow to settle and filter on 

0.45 micron paper 

Test 3. Two stage Hydrogen Peroxide - Sulfidisation 

1. .Follow procedure for Test 6 
2 • Add 100 ppm of Potassium Meta-Bisulfite or Hydrogen 

sulfide 
3. React for one hour 
4. Allow to settle and filter on 0,45 micron paper 

General Condition and Considerations for all Tests 

Cyanide analyses for free, WAD, and total need to be performed for 
each final effluent. Free cyanide analysis needs to be performed 
at Barite Hill on each barren feed and intermediate product 
produced during the testwork. 

Closer control of each test needs to be exercised during the 
testing program. Extensive logging of test conditions and 
observations is mandatory, with daily reporting of each day's 
activities to management and also to Lyntek, Inc. for review and 
input, 



All solids produced during the testworK will be retained for 
compositing and TCLP analysis to determine the waste 
characteristics relating to eventual disposal of# the sludge 
generated during the water treatment process, whether it be interim 
or at the end of the project. 

Outside laboratories should be retained that can analyse to the 
detection limits specified in the KPDES Permit, particularly m 
regard to Total Cyanide (0,01 ppm), Arsenic <<0,005 ppra), Mercury 
(0.0002 ppm), and Selenium (<o*005 ppm). 

Barium and cadmium need not be analysed for in each sample except 
as mentioned above, whereby the barren and one effluent sample from 
two different tests will be analysed* The effluent from the two 
stage chlorination test (Test 1), and the two stage 
peroxide test (Test 6) should be analyzed for these* two 

Measurement of the flow conditions in Hawe Creek should 
continued to allow application for higher dilution rates to be 
at the time the new NPDES permit to discharge treated process 
solutions is made to the state. 

'This program of testwork should be carried out very carefully, 
remembering that data generated will be used to help facilitate the 
permit application process. Certain levels of metals may be 
unattainable by available technology. Well documented test 
procedures and results will be necessary to prove that available 
technology has been tested in a competent manner. 

Should you have questions or input concerning this treatment 
program and philosophy, please feel free to contact myself 
directly. 

Sincerely, 

Nicholas S. Lynn 

NSL/ris 



NEVADA GOLDFIELDS, INC. 
WATER TREATMENT STUDY 

BARITE KILL PROJECT 

TABLE 1 SUMMARY OF PHASE 1 WATER TREATKEM1 PROGRAM 

********************************************************************** 

: CYANIDE 

TEST NO.-DESCRIPTIOH 

WATER TREATMENT - PHASE 1 : 

13 - FESO4.7H2O/H202 ; 
1 4 - 2 STAGE PEROXIDE : 
15 - H202/Ca(OH)2 : 
16 - SINGLE STAGE CHLORIUATIOK: 

17 - BARREN SAMPLE ; 

18-1 - 2 STAGE CKLOR/VM-40 : 
18-2 - 2 STAGE CHL0R/VM-40 ; 
18-3 - 2 STAGE CHLOR/VM-4 0 : 
IS-4 - 2 STAGE CHLOR-COHTROL ; 

19-1 - H202/CU/VK-40 : 
19-2 - H2O2/CU/VM-40 : 
19-3 - H2Q2/CU/VM-40 ; 
19-4 ™ K202/CU/CONTROL : 

20 - H202/CU : 
2 1 - 2 STAGE CHLORINATION : 

NPDES DISCHARGE LIMITS 

FREE 

5 . 4 ( 1 ] 

WAD : TOTAL : SULFATE :ARSKC :EA1IUM :CDMIUM :CRMXUM : COPPER LEAD 

6 5 . 8 

9 3 , 6 
0 . 7 4 1 
0 . 6 8 4 

< C 0 2 0 

238 

0 . 6 6 8 
< 0 . 0 2 0 

0 . 0 1 

22,2 

f 3 

0 . 5 8 
< 0 . 0 9 

C.K4 
0 . 6 9 

0.37 

0 . 1 9 
0 . 2 9 
0 . 3 9 
0 . 2 9 

0 . 8 0 
0 . 4 1 
0 . 3 7 
0 . 6 6 

0 . 5 0 
< 0 . 0 9 

<0.05 

0 . 7 2 8 : < 0 . 0 G 1 
0 , 8 7 3 : < 0 . 0 0 1 
0 . # 2 4 ; < 0 . O O l 
0 , 4 4 2 : < 0 . 0 0 1 

L . 2 3 : < 0 . 0 0 1 

0 . 5 5 4 
0 . 5 5 4 
0 . 5 2 4 
0 , 5 5 4 

0: 9 2 5 
0 . 9 0 9 
0 , 9 5 0 
0 . 9 3 0 

•U15 
0 , 2 3 5 

^ -0 

: < 0 . 0 0 1 
: < 0 . 0 O l 
: < 0 . 0 0 1 
: < 0 . 0 0 1 

: < 0 . 0 0 1 
: < Q . 0 O l 
: < 0 . 0 O l 
: < 0 . 0 0 1 

: < 0 . 0 0 1 
K 0 . 0 0 1 

0 . 0 1 

< 0 . 0 0 3 
0 , 1 2 4 
O . 1 0 2 
0 . 0 7 1 

0 . 1 2 4 

0 . 1 9 3 
0 . 2 5 3 
0 . 2 6 3 
0 . 1 9 3 

0 . 1 3 5 
0 . 1 3 2 
0 . 1 0 4 
0 . 1 2 4 

1 . 3 B 
0 . 0 4 0 

0 . 0 1 1 

8.82 
2 .35 
1 . 9 7 

0 . 0 4 0 

1 3 . 7 

0 . 1 0 1 
0 . 1 9 0 
0 . 0 7 0 
0 . 1 1 0 

0 . 0 2 4 
0 . 0 1 4 
0 . 6 8 2 

2 , 3 6 

4 . 4 6 
G . 0 0 6 

0 . 0 0 1 

0 . 0 2 
< 0 . 0 1 
< 0 . 0 1 
< 0 . 0 1 

0 . 0 5 

1 . 0 
2 . 0 
1 . 4 

0 . 9 5 

0.29 
0.45 
0.04 

<0 .01 

0 . 1 9 
< 0 . 0 1 1 

0.05 
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SUMMARY 

The data presented in this report clearly shows that the leached 
agglomerates at the Barite Hill Project can be sufficiently rinsed, 
to State effluent discharge standards, in approximately 120 days. 

The report outlines a test series starting from bench testing into 
column testing followed by full scale heap testing. The results 
and conclusions from each test have readily allowed for an 
acceptabley accurate prediction of what would be the outcome of the 
following tests. Continued full scale rinsing using hydrogen 
peroxide will continue to expand the base data gained so far 
allowing for ongoing adjustement within the process, if required. 

Several options are available for providing rinse solution. Fresh 
or well water would be the most desirable if solution inventory 
permitted, in the event process solution must be detoxified and 
used for rinse solution, hydrogen peroxide treatment will be the 
next choice as an effective and efficient alternative. 
Chlorination, while also an effective treatment of process 
solutions was not tested beyond the column testing phase. 

INTRODUCTION 

In a load/unload (reusable leach pad) type of heap leach gold 
operation the amount of time ore is on the heaps is of critical 
economic importance. Process cycle time is consumed in leaching 
the gold from the ore and rinsing the heaps to reduce cyanide and 
heavy metal concentrations within the heaps thus allowing disposal 
of the residue to the environment. The turnover of the heaps must 
flow in a cyclic manner in order to leach the gold bearing ores in 
sufficient quantity to make the project economically feasible. An 
extended heap detoxification cycle will have a substantial impact 
upon the economics of a given project as was the case experienced 
at the Barite Hill Project. 

DISCUSSION 

Initial project design called for ferrous sulfate to be used as the 
neutralizing reagent to reduce the cyanide levels contained in the 
rinse solution and cyanide levels contained within the heaps. 
Effluent from the heaps would return to the pregnant solution pond 
where the ferrous cyanide complex would ultimately settle to the 
bottom of the pond. Barren solution/ or fresh water if the water 
balance permitted, from the plant was to be treated with a ferrous 
sulfate solution and returned to the heaps. 

The treatment circuit contained within the process plant proved to 
be of little practical use for ferrous sulfate treatment of the 
barren solution. Mixing of the ferrous sulfate within the mixing 
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tank could not in all practicality be accomplished quickly enough 
to adequately treat the required flow rates of barren solution. 
The next course of action was to batch treat the barren solution in 
one of the process ponds. 

Batch treatment of the barren solution in the ponds proved 
difficult and time consuming. Total cyanide levels consistently 
were measured above 2 mg/L, whereas the required total cyanide 
levels of the rinse solution is less than 0.2 mg/L. Acidification, 
after ferrous sulfate complexation, of the treated rinse solution 
also proved to be inadequate in the reduction of the total cyanide 
levels to less than 0.2 mg/L. The conclusion was drawn that 
ferrous sulfate treatment for the barren solution to the required 
limit of total cyanide at less than 0.2 mg/L was not feasible, 
given the operational difficulties within an acceptable time frame, 
for this project and an alternative method of treatment was 
required. 

Therefore investigation of a system which required less intensive 
labor and monitoring was begun. Laboratory bench tests were 
conducted utilizing various reagents to detoxify cyanide contained 
in the process barren solution. Both hydrogen peroxide and 
chlorination treatments proved capable of quickly treating the 
process barren solution to total cyanide levels which were non-
detectable. Appendix A shows results obtained from NGI's and FMC's 
bench tests. Column tests were initiated to simulate actual 
operating conditions which might be expected. 

PROCEDURE 

Column Tests 

Six columns, 6 inch diameter by 5 ft. length, were constructed. 
The columns were built of PVC schedule 40 pipe. The bottoms were 
capped with PVC reducers and had a 1/2 inch valve outlet attached. 
Solids were kept from draining through the valve assembly by a 1/2 
inch expanded metal screen placed in the bottom of the column. The 
screen was covered with approximately 1 inch of glass wool. 
Influent solutions were delivered to the tops of the columns by 
small peristaltic metering pumps. Effluent drained from the column 
into collection buckets. Due to space availability and limited 
personnel, the column tests were run in batches of three. 

Residue from cell #3 was used for the column tests. Cell #3 had 
been under leach for approximately 30 days. It was assumed this 
material would be representative of leached residues in the future. 
Each column was filled with residue material. The wet weight of 
the residue was determined by weighing the residue as it was put 
into the columns. The amount of moisture for the residue was 
determined by taking a sample representative of the material, 
weighing the sample, drying the sample and then weighing the 
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sample. The difference between the two weights was moisture 
contained and the percent moisture was determined for the residue. 

Dry residue weights were determined for each column by subtracting 
the percent of contained moisture from the wet weight of the 
residue. Pore volume of the residue was determined on four of the 
six columns. On the first set of column tests, pore volume was 
determined on one column only. It was assumed the other two 
columns would have the same pore volume. On the second set of 
column tests pore volumes were determined for each column. 

Influent solution for all six columns was treated daily to try and 
simulate expected operating conditions, which were assumed to be 
basically a batch treatment in the process pond. The barren 
solution was treated with ratios of reagent to cyanide based upon 
bench test data. Table 1 shows the treatment selected for each 
individual column. 

TABLE 1 

Column No. Reagent Reagent/Cyanide 

One Calcium Hypochlorite 3:1 (ClsCN) 
Two Hydrogen Peroxide w/Cu catalyst 4:1 
Three Sulfuric Acid 21.6:1 
Four Hydrogen Peroxide w/Cu catalyst 4.5:1 
Five Ferrous Sulfate 4:1 
Six Well Water N/A 

In column tests #1 through #5, the reagents were used to treat the 
total cyanide level in the barren process solution to a 
concentration of less than 0.2 mg/L, Column six influent solution 
was well water which did not require a detoxifying reagent. In all 
six column tests, the treated solution was passed through the 
columns at a controlled rate until the effluent total cyanide 
concentration reached 0.2 mg/L or the test indicated a particular 
treatment method was unsatisfactory. Tables showing daily column 
result and graphical depictions of the results are contained in 
Appendix B of this report. 

Once the desired total cyanide levels were attained, the columns 
were allowed to drain completely. The rinsed residue was removed 
from the columns. Solid samples were taken of the residue, one 
sample to approximate the upper horizon of the column with the 
other sample representing the lower horizon of the column. The 
solid samples were sent to an independent laboratory for analysis. 
Extractions were performed on the solid sample following the EPA 
TCLP protocol. The extracts were analyzed for cyanide (total & 
WAD), total residual chlorine, sulfide and total metals (As, Cu, 
Hg, Pb, Cd, Se, Ba, Cr) . The certificate of analysis received from 
the laboratories are contained in Appendix C of this report. Table 
2 shows a comparison of the individual columns and the analysis of 
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each parameter for the columns. 

TABLE 2 

COLUMN 1 2 3 4 5 6 
Upper Upper Upper Upper Upper Upper 

CN t o t a l 
CN WAD 

0 . 3 3 4 
0 . 0 6 6 

TCLP m e t a l s 
As 
Ba 
Cd 
C r 
Cu 
Pb 
Hg 
S e 
Ag 
S 

LOWER 
COLUMN 

< 0 . 0 5 
1 . 1 3 

< 0 . 0 0 5 
< 0 . 0 1 

0 . 0 4 
< 0 . 0 5 

0 . 0 0 2 4 
< 0 . 0 5 

0 . 0 1 5 
0 . 1 

1 
L o w e r 

0 . 4 7 9 
0 . 0 5 3 

< 0 . 0 5 
1 . 2 5 

< 0 . 0 0 5 
< 0 . 0 1 
< 0 . 0 2 
< 0 . 0 5 
< 0 . 0 0 0 2 
< 0 . 0 5 
< 0 . 0 1 

0 . 1 

2 
L o w e r 

0 . 3 7 9 
0 . 2 3 9 

< 0 . 0 5 
0 . 1 7 

< 0 . 0 0 5 
< 0 . 0 1 

0 . 0 3 
< 0 . 0 5 

0 . 0 0 1 2 
< 0 . 0 5 
< 0 . 0 1 
< 0 . 0 5 

3 
Lower 

1 . 3 0 0 
2 . 2 3 0 

< 0 . 0 5 
0 . 9 8 5 

< 0 . 0 0 1 
< 0 . 0 1 
< 0 . 2 
< 0 . 0 5 
< 0 . 0 0 1 

0 . 1 0 7 
< 0 . 0 1 

4 
L o w e r 

8 . 5 0 0 
3 . 3 2 0 

< 0 . 0 5 
0 . 6 9 1 

< 0 . 0 0 1 
< 0 . 0 1 
< 0 . 0 2 
< 0 . 0 5 
< 0 . 0 0 1 

0 . 1 0 4 
< 0 . 0 1 

5 
Lower 

1.100 
<1.000 

< 0 . 0 5 
2 . 5 4 

<0.001 
< 0 . 0 1 
< 0 . 0 2 

0.355 
<0.001 

0.103 
< 0 . 0 1 

6 
L o w e r 

CN total 0.290 
CN WAD 0.048 

TCLP metals 
As 
Ba 
Cd 
Cr 
Cu 
Pb 
Hg 
Se 
Ag 
S 

<0.05 
0.97 

<0.005 
<0.01 
0.02 
<0.05 
0.0007 
0.1 
<0.01 
0.1 

0.233 
0.034 

<0.05 
1.09 

<0.005 
<0.01 
0.02 

<0.05 
<0.0002 
<0.05 
<0.01 

0.08 

0.774 
0.440 

<0.05 
0.29 
<0.005 
<0.01 
<0.02 
<0.05 
0.0016 
<0.05 
<0.01 
0.1 

<1.000 
<1.000 

<0.05 
1.19 

<0.001 
<0.01 
<0.2 
<0.05 
<0.001 
0.128 
<0.01 

8.700 
5 .590 

<0.05 
0.671 
<0.001 
<0.01 
<0.2 
<0.05 
<0.001 
0.107 
<0.01 

1.800 
<1.000 

<0.05 
1.38 

<0.001 
<0.01 
<0.2 
<0.05 
<0.001 
0.110 
<0.01 

* NOTE: Columns 1-3 CN results reported as TCLP values, columns 
4-6 CN results reported as soil analysis values. 

Upon reviewing the data obtained from the column tests, some 
observations can be made. 

1. Columns 1, 2, 4, and 6 showed the most promising results. 

2. Both the chlorination treatment (test 1) and the hydrogen 
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peroxide treatment (tests 2 & 4) compared favorably with 
the well water test (test 6). 

3. Both the upper and lower horizons in the column tests 
showed extremely good correlation in all parameters 
tested. This demonstrates the ability to rinse the ore 
thoroughly. 

4. The levels of detoxification were attained in an 
acceptable amount of time. 

From this testing, three different options were considered 
available for detoxifying the heaps. 

1. Using well water as solution inventories permit. 

2. Detoxifying process barren solution with hydrogen 
peroxide and using the resultant solution for rinsing. 

3. Detoxifying process barren solution with chlorine and 
using the resultant solution for rinsing. 

The decision was made to utilize hydrogen peroxide as a detoxifying 
reagent for a full scale heap test. It was determined hydrogen 
peroxide treatment would be more cost effective in addition, any 
by-products produced from the hydrogen peroxide treatment would be 
more desirable than by-products produced from chlorination 
treatment. Well water was not used for the full scale heap test 
due to the undesirable impacts any additional solution would have 
had on the overall solution inventory at the time. 

PREDICTIONS 

Utilizing the data from the column test, predictions were made as 
to what might be expected from a full scale heap test. 

Pore volumes for the six columns ranged from 11%-13.6%. Assuming 
an average pore volume of 12.3% per heap equates to 1 pore equaling 
649,440 gallons of solution for a heap containing 20,000 tonnes of 
residue. Assuming a flow rate of 150 gpm through the heap, it will 
take 3 days to pass 1 pore volume of solution through the heap. 
The column tests where hydrogen peroxide was used as the 
detoxifying reagent required an average of 12.75 pore volumes to 
pass through the column before the cyanide level in the effluent 
was reduced to less than 0.2 mg/L. Assuming that the test heap 
contained 20,000 tonnes of residue and required 12.75 pore volumes 
to pass through the heap, a rinse cycle of approximately 38.3 days 
would be required. Applying a scale-up factor of 2X from the 
column data, would suggest a rinse cycle of 76.6 days. 

Utilizing the data obtained from the same columns as above, but 
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comparing solution weight passed through the column to the dry 
weight of the material suggests a longer rinse cycle will be 
required. On the average for every kilogram of residue (dry) 
contained within the column 1.8 kilograms of rinse solution was 
passed through the column to obtain a cyanide level in the effluent 
of less than 0.2 mg/L. Assuming a test heap of 20,000 tonnes, 9.5 
million gallons of rinse will pass through the heap to achieve the 
desired cyanide levels in the effluent. Based upon a flow rate of 
150 gpm, the rinse cycle would be 44 days. Using a 2X scale-up 
factor applied to the column data, suggests a rinse cycle of 88 
days. 

Based upon experience, it can be assumed that under ideal 
conditions, the rinse cycle will actually fall somewhere between 
the two indicted cycle times of 76.6 to 88 days to reduce cyanide 
levels to less than 0.2 mg/L. 

FULL SCALE HEAP TEST 

A full scale heap test was initiated at the project. As previously 
stated, hydrogen peroxide was chosen as the detoxifying reagent. 
It was determined the Ferrous Sulfate treatment circuit within the 
ADR plant could be readily modified to make it suitable for 
hydrogen peroxide treatment of the process solution. 

Cell six was chosen for the heap test. The estimated dry tonnage 
for the heap on cell six was 15,500 tonnes. Barren solution from 
the process plant was initially treated with the hydrogen peroxide 
to obtain a sufficient volume of rinse solution for the closed loop 
circuit. Application of barren solution to cell six was stopped 
approximately 24 hours before beginning the rinse test. The 
hydrogen peroxide, as predicted, quickly reduced the effluent 
cyanide levels to 0.2 mg/L. Various operational problems typical 
to start up of a new system such as pump-application compatibility, 
scaling of pipes, operator training, etc, were encountered during 
the test, thereby reducing the planned overall rinse rate. The 
problems were corrected as they arose. 

Operating constraints at the project required the controlled test 
be concluded after 42 days of rinsing (rinsing did continue after 
this time but there was contamination of the final effluent from 
adjacent leaching) . The heap was sampled and the solid samples 
sent to an independent laboratory for analysis. Sufficient data 
was collected from the heap test to make comparisons to the column 
tests and by extrapolating the available data over time, draw some 
firm conclusions as to how much time will be required for a typical 
rinse cycle. 

During the heap test 3,118,102 gallons of process solution was 
passed through the heap. This equates to a process solution to 
residue ratio of 0.76:1.00 and an average flow rate of 52 gpm 
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through the heap over the 42 day test. This flow rate was 
significantly less than the desired steady rate of 150 gpm. The 
reduced flow rate through the heap had a significant impact on the 
amount of time required to detoxify the heap. With a higher flow 
rate through the heap, the cyanide levels would have been reduced 
to much lower level at the end of the 42 days of rinsing. The 
cyanide levels measured in the effluent in the last few days of the 
rinse test ranged between 20-35 mg/L. An end point of 27.5 mg/L 
cyanide was used to compare the heap test to the column test. 
Appendix D lists the daily flow rates, effluent pH and cyanide 
levels of cell 6 heap test. 

The column test 2, peroxide test, had an approximate process 
solution to residue ratio of 0.52:1.00; which was lower than the 
heap test, when effluent cyanide levels were measured in the 27 
mg/L range. Column test 4, also hydrogen peroxide, had an 
approximate process solution to residue ratio of 0.66:1.00, again 
lower than the heap test, when effluent cyanide levels were 
measured in the 27 mg/L range. Compared with column 2, rinsing of 
the heap was taking 43.4% longer than the column data suggested. 
Compared with column test 4, rinsing of the heap was taking 15.2% 
longer than the column data would suggest. Therefore, using either 
column test a factor of 2X applied to the column test data is 
justified when the actual results obtained from the heap test are 
compared to the column test data. 

Upon completion of the heap test, the residue was sampled at 
varying depths within the heap. The samples were sent to an 
independent laboratory and subjected to 2 different tests; Soil 
analysis, and TCLP Analysis, both following EPA protocol. The 
certificate of analysis received from the laboratory are contained 
in Appendix E of this report. Soil analysis indicates what 
constituents are actually contained within the solids while TCLP 
analysis indicates what constituents would be readily mobilized in 
the event of rain water percolating through the solids. 

Evaluation of TCLP analytical results from the residue samples show 
that after 42 days of rinse, mobile metals had been significantly 
reduced and total cyanide concentration averaged 0.99 mg/L. 
Evaluation of total solids analytical results showed significantly 
higher metal concentrations than the TCLP analysis, and an average 
total cyanide concentration of 49.8 mg/L. Table 3 shows a 
comparison of the TCLP and total ore analytical results. 
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TABLE 3 

Soil Analysis 

Parameters 
Interval 

0'-5' 

32.9 
<6.1 

7.9 
344.0 
24.0 
1.4 

<0.12 
527.0 
377.0 

Interval 
5'-i0' 

64.2 
<6.1 

4.1 
188.0 
22.0 
<0.61 
<0.12 

249.0 
285.0 

Interval 
10'-15' 

52.3 
8.1 

4.2 
141.0 
25.0 
1.06 

<0.12 
259.0 
392.0 

CN total 
CN WAD 

Cd 
Cu 
Zn 
Ag 
Hg 
As 
Pb 

TCLP Analysis 

Parameters 
Interval 

0'-5' 

0.163 
0.020 
0.92 

<0.005 
<0.01 
<0.01 
0.14 
0.10 
N/A 
0.0003 
<0.005 
<0.05 
<0.005 

Interval 
5'-10' 

1.1428 
0.152 
0.87 

<0.005 
<0.01 
<0.01 
<0.01 
0.03 
N/A 
0.0008 
0.006 

<0.05 
<0.005 

Interval 
10'-15' 

1.132 
0.214 
0.98 

<0.005 
<0.01 
<0.01 
<0.01 
0.03 
N/A 
0.0016 

<0.005 
<0.05 
<0.005 

CN Total 
CN WAD 
Ba 
Cd 
Cr 3 
Cr 6 
Cu 
Zn 
Ag 
Hg 
As 
Pb 
Se 

Although the heap test was concluded before the cyanide levels in 
the effluent were reduced to 0.2 mg/L; extrapolation of the data 
obtained during the 42 days of rinsing indicates the cyanide level 
of the effluent would be 0.2 mg/L in 180 days at a flow rate of 52 
gpm. Cyanide levels in the heap effluent were reduced an average 
of 39% for every ten days of rinsing. The reduced application rate 
of the rinse solution during the heap tests accounts for the longer 
rinse time experienced during the heap test than was otherwise 
predicted. With a proper application rate (150 gpm) of rinse 
solution to the heap, the scale-up factor of 2X applied to the 
column tests is still valid, which gives a rinse cycle time of 
approximately 90 days. Assuming actual operating conditions will 
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be less than ideal, a rinse cycle time of approximately 120 days is 
anticipated. A rinse cycle time of 120 days falls between the 
controlled laboratory column tests and the full scale heap test in 
which start-up problems were encountered. 

Upon review of the data available from the column test work, the 
heap test and the results from the solid samples taken from the 
heap, the rinsability of the heaps is not questionable. All data 
demonstrates the heaps can be rinsed adequately given a sufficient 
rinse cycle. 



APPENDIX A 

NGI AND FMC 
CYANIDE DETOXIFICATION BENCH TEST RESULTS 



Cyanide mg/L (Free) 
Chlorine Detoxification 

Time 7:1 4:1 3:1 2:1 
(Hr) C1:CN Cl:CN C1:CN CltCN 

6 ND ND ND ND 
20 
24 

Cyanide mg/L (Free) 
Peroxide Detoxification 

Time 4:1 
(Br) H,Q,:CN 

6 ND 
20 
24 

20 
24 

Cyanide mg/L (Free) 
Sulfuric Acid Detoxification 

Time 7:1 21.6:1 
(Hr) H,SO,:CN H2S04.tCN 

.65 ND 

Cyanide mg/L (Total) 
Chlorine Detoxification 

Time 7:1 4:1 3:1 2:1 
(Hr) CltCN C1:CN CltCN Cl:CN 

6 NA NA 0.59 
20 NA ND 
24 

Cyanide mg/L (Total) 
Peroxide Detoxification 

Time 
(Hr) 

Test #2 
4:1 

H-,0,: CN 

Test #1 
4:1 

H.,0-,: CN 

6 ND .63 
20 
24 

detection limits =0.1 mg/L 
ND = non-detectable by ion selective determination 



APPENDIX B 

LABORATORY COLUMN TESTS RESULTS AND GRAPHS 



Nevada Go I df 3. e I d I no. 
CoIumn Test Resu11s (0e toxif i cat i on) 

D a t e : 
Column t : 
[••let u t , CKg) 
Moisture? ^:: 
Dry wt» 0''q> 
P.M. ( K g ) ; '" 

4 

-

; 

Sept 91 
1 

3 9 , 0 7 
19„6 

3 1 . 4 1 
4 . 3 

Rpplied Collected Collected P,M, 
Kg Cum. Kq 

6 
7 
8 
9 
10 

Totals;: 

14.61 
9.74 
10.1? 
3.69 

4 , 3 
12.. 07 

9 .34 
9 . 6 5 

4 , 3 
1 
A 

4 , 3 
16.. 37 
25,. 71 
3 5 . 3 6 
3 9 . 6 6 
40-66 
40 -66 
4 0 . 6 6 
4 0 . 6 6 
40,. 66 

91 40.66 

00 
31 

24 
00 
23 
00 
00 
00 
00 

Cum, 
CN (free) CN (total) 

mg/L mg/L. 

1.00 
3 .81 
5 . 9 8 
8 .22 
9 .22 
9 . 4 6 
9 .46 
9 .46 
9 .46 
9 , 4 6 

10.8 
10 .8 
10 ,8 
10 .5 
10.. 4 

7 . 3 

227 
80 

2 
0 .71 
0„54 
0 . 2 4 

265 
35 

1.85 
0 .51 

<0 .05 
<0 .05 







Nevada Go1dfi e 1 d Inc. 
Zo 1 Limn Tes i Resu 1 Is ( Delo;; i f i cat ion! 

Dale; 
Column #: 
Wet uit.(Kg): 
Moisture X; 
Dry i.,H:.. (Kg) 
P,.0.(Kq):~ 

;;ept 9i 

18.36 
19,. 6 

Days 

9 
10 

otals 

:ipl led Coi let 
" Kc| K 

9 . 
9 . 
9 . 
10 

i 

9 

94 
98 
28 
. 3 
. 7 

• " ' 

::ted Col leeted 
Cum, Kg 

3 _ y _ 

7 . 1 
9 . 2 9 
9 . 3 3 
9 - 63 

7 . 9 
8-9 

0 . 9 5 

7 . 1 
16 .39 
25 - 72 
3 5 , 3 5 
43 .,25 
5 2 . 15 

5 3 , 1 
5 3 . 1 
5 3 . 1 
53.. 1 

68 
i £ , . 

2. 
• ~ i 

1 » 
• ~ i 

0. 
0, 
0. 
0. 

£3J 

21 
28 
87 
10 
22 
00 
00 
00 

PA1. 
Cum. 

1. 
o , 
6. 
8. 

10. 
X e£. * 

12. 
12. 
12. 
12. 

. _. _— 

,68 
.87 
. 08 
.36 
.22 
,33 
.55 
.55 
,55 
,55 

12 

pH CN (free) CN (total) 
mg/L mg/L 

10.5 
10.8 
10.9 
10.8 
10.7 
10.3 

7 

no 
1 0 . 3 

3 . 5 
2 . 6 
1.9 
1.6 

1.03 

140 
27.. 5 
5 .41 

1.7 
0 - 6 5 

0 . 1 
0 . 0 7 
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Nevada Go1df i e1d Inc. 
Co 1 umn T est Result s (Det.o:<< i f :i. cat. i on 

1 
•p 

o 

4 

Oat e: 
Column it: 
Net. ut. (Kg): 
Moisture Zz 
OrLj wt,. t'Kg); 
P.O.CKg>: 

flpplied 

Kg 

9.71 
10.24 
10.04 

0 

6 
7 
8 
9 
10 

Totals: 

?pt 91 

39.95 
19.6 

1ected Co11ected 
Kg 

— 
'.85 
9.4 
9.5 
5.8 

Cum. Kg 
..... ....-

7-35 
17.25 
26-75 
32-55 
32,55 
32.55 
32.55 
32.55 
32.55 
32.55 

29.99 

1.78 
2„ 14 
2.16 
1.. 32 
0 » 00 
0.00 
0.00 
0,00 
0.00 
0.00 

P.M. 
Cum „ 

pH 

1,. 78 
3~92 
s. 08 
7.40 
7.. 40 
7.40 
7.40 
7.40 
7,. 40 
7.40 

10.7 
10.5 
10.4 

& 

<free> CN (total) 
mg/L mg/L 

210 
200 
101 

255 
110 
90 
50 
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Nevada Go1df ie Id I n c . 
Co I urnn T e s t Ues-u 1 b&. ( De to:": i F i c a L i on ) 

Days 

9 
10 

' o t a h 

Date; 
Column ft; 
Met wt.(Kg): 
Moisture £: 
Drq wt-<Kq>: 
P„0.<Kg>:" 
.„ _...._..— 

19 Sept 91 
4 

42.73 
14.. 8 

38,41 
5.37 

R p p ! i e d ::o 11 e c t ed Co 11 e c t e d P.O., 
Kg Cum. Kg # 

9 . 2 8 
10 .72 

10 
10 
10 
10 
10 

0 . 6 7 
0 

7 0 . 6 7 

7 . 4 2 
1 1 . 6 6 
1 0 . 2 8 

9 . 8 5 
9.6.5 

9 . 7 8 
0 . 7 

0 . 2 5 

6 9 , 5 1 

19 .08 
29 „ 36 
39 ,.21 
4 8 . 3 6 
5 8 . 7 8 
68.. 56 
69„26 
6 9 . 5 1 
6 9 . 5 1 

91 
88 
80 
35 
C<-"i 

13 
05 
00 

P.M. 
Cum. 

1.. 39 
3 . 5 5 
5 .47 
7 .30 
9 .10 

10 .95 
12 .77 
12 .90 
12 .94 
12.94 

JDH CN ( f r e e ) CN ( t o t a l ) 

-
11.2 
11.3 
10.8 
10.7 
10.5 
11.1 
10.5 
8.8 
8.. 8 

_ _„,...... 

300 
81 
29 
8.1 
4 
7 

3.5 
1.8 
1.5 

- - •*••••'• 

150 
35.5 
20 
4„5 
1.5 
4 

0.17 
0.22 
0.22 







Nevada G o l d f i e l d I n c . 
Co 1 mini T e s t Resu 1 ts; (Deto:«:if i c a t i a n ' . 

Days 

10 

Total: 

Date; 
Column #: 
Wet wt»(Kg)-
Moisture "•': 
Dry wt.„ (Kq): 
P.y.CKg):" 

Hpplied 
Kg 

8.29 
6.94 
14.77 

ID 
10 
10 

8.76 
9 - 60 

0 

78.44 

19 Sept 91 
5 

44.545 
14.8 

37.955 
5.82 

Col leeted 
Kg 

7.37 
6,713 

14 
10.1 
9.51 
9-31 
8.55 
9.27 
0.5 

75.39 

Collected 
Cum. Kg 

7,.37 
14.15 
28.15 
38.-25 
47 ,.76 
57., 07 
65 ..62 
74.89 
75 .,39 
75 .,39 

p.y. 
8 

1.27 
1.1S 
2.41 
1.74 
1.63 
1.60 
1.47 
1.59 
0.09 
0.Q0 

12-95 

P.M. 
Cum. 

1..27 
2.43 
4-84 
6.57 
8.21 
9. SI 
11-27 
12.87 
12.95 
12.95 

JH 

10.8 
11.2 

11 
10.7 
9.13 

11.1 
11 

10.. 7 
10.5 

CN (free) 
mg/L 

350 
121 
89 

10.1 
9 

12.3 
53 

30.4 
13 

CN (total) 
mg/L 

170 
100 

42.5 
35 
17 

18.. 5 
125 
200 
275 







Nevada Goldfield Inc. 

Co 1 uiTiti Test. Pesu 1 t s (Detoxi f i c a t i on) 

Date: 
Column ®". 
Mot wt,(Kg) 
Moisture K; 
Or-g wt„ (Kg) 
P.. 0. (Kq>: 

.9 Sept 91 
6 

43,15 
14.8 

36.76 
5,85 

RppIi&d 
Kq 

Co 11 ected Co 11 eetecl 
Kg Cum, Kg 

p.y. 

b > J O 
7 „ 44 

10 
10 

8.5 
10 
10 

9.95 
0 

5.37 
0 

8.3 
6.75 
9.35 
9.59 
7.39 
9.96 
9.. 2 

9.83 
0.. 2 

5.51 
0..S 

8.3 
15.05 
24.4 

33.99 
41,.38 
51 „ 34 
60..54 
70.37 
70., 57 
76.08 
76.. 58 

1,42 
1.15 
1.60 
1.. 64 
1.26 
1.70 
1.57 
1.68 
0.03 
0.94 
0.09 

1.42 
2.57 
4.17 
5.81 
7.07 
8.78 
10.35 
12,03 
12.06 
13.01 
13,09 

79.61 ;'6.58 13,09 

pH CN (free) CN (total) 
j'ftq/L. mcj/L 

10.S 
11.3 
11.1 
io. e 
10.6 
11.4 
11.,3 
11.1 
10.4 
10.2 
10 

270 
47 
10 

4. 6 
1.03 
1.2 
0.8 
0.73 
0.3 
0.68 
0. 34 

120 
33 

17.5 
0.3 

0. 125 
5.2 
2.5 

0.65 
0.28 
0.28 
0,19 
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APPENDIX C 

COLUMN TEST SOIL ANALYSIS 



BIOLOGISTS, TOXICOLOGISTS & CHEMISTS 

400 GRAYMONT AVENUE 
COLUMBIA, SOUTH CAROLINA 29205 
(803) 254-9915 CERTIFICATE OF ANALYSIS 

SC DHEC CERTIFICATION NO. 26103 
NC DEM NO. 001 

Fax (803) 254-9107 

CLIENT: 

ATTENTION: 

Laboratory I.D. 

NEVADA GOLD 
P.O. BOX 1510 
McCormick, SC 29835 

Mr. Rick Dye 

Sample Description 

91-9503 
91-9504 
91-9505 
91-9506 
91-9507 
91-9508 

Column 
Column 
Column 
Column 
Column 
Column 

4 upper 
4 lower 
5 upper 
5 lower 
6 upper 
6 lower 

Date Received: 
Date Reported: 
Date Revised: 
Date Revised: 

09/27/91 
10/04/91 
10/09/91 
11/04/91 

Results 

QA/QC Officer 

Parameter 

Cyanide - Total 
Cyanide - WAD 

TCLP METALS 
Arsenic 
Barium 
Cadmium 
Chromium 
Lead 
Mercury 
Selenium 
Silver 

Units 

mg/kg 
mg/kg 

mg/1 

91-9503 

1.3 
2.23 

0.028 
0.985 

<0.001 
0.006 

<0.011 
<0.001 
0.107 

<0.002 

TCLP 
Spike 
% Rec. 

98.3 
88.8 
72.8 
97.8 
102 
106 
103 

94.0 

91-9504 

<1.0 
<1.0 

0.027 
1.19 

<0.001 
0.003 
0.162 

<0.001 
0.128 

<0.002 

TCLP 
Spike 
% Rec. 

90.5 
65.0 
63.0 
89.0 
138 
100 

92.0 
76.5 

Parameter 

Cyanide - Total 
Cyanide - WAD 

TCLP METALS 
Arsenic 
Barium 
Cadmium 
Chromium 
Lead 
Mercury 
Selenium 
Silver 

Units 

mg/kg 
mg/kg 

mg/1 

91-9505 

8.5 
3.32 

0.012 
0.691 

<0.001 
<0.003 
0.045 

<0.001 
0.104 

<0.002 

TCLP 
Spike 
% Rec. 

105 
102 

72.3 
94.0 
64.3 
99.1 
106 

83.3 

91-9506 

8.7 
5.59 

0.023 
0.671 

<0.001 
<0.003 
0.108 

<0.001 
0.107 

<0.002 

TCLP 
Spike 
% Rec. 

101 
89.0 
67.8 
94.0 
73.5 
101 
103 

90.3,. 

Continued on Page 2 ,r\v 
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CLIEN?: 
Date Reported: 
Date Revised: 
Date Revised: 

Parameter 

Cyanide - Total 
Cyanide - WAD 

TCLP METALS 
Arsenic 
Barium 
Cadmium 
Chromium 
Lead 
Mercury 
Selenium 
Silver 

| Units 
. 1 1 
I mg/kg 
I mg/kg 

1 m<?/l 
| 
| 
| 

| 

| 

| 

j 

NEVADA GOLD 
10/04/91 
10/09/91 
11/04/91 

Results 

| 91-9507 

| 1.1 
j <1.0 

1 
1 | 0.021 
j 2.54 
j <0.001 
| <0.003 
j 0.355 
j <0.001 
| 0.103 

<0.002 

i 

TCLP 
Spike 
% Rec. 

102 
85.0 
72.5 
69.8 
17.8 
83.3 
96.5 
91.0 

91-9508 

1.8 
<1.0 

0.019 
1.38 

<0.001 
<0.003 
0.042 

<0.001 
0.110 

<0.002 

Page 2 

TCLP 
Spike 
% Rec. 

107 
75.0 
70.5 
98.8 
91.0 
91.0 
104 

86.8 

Parameter 
Date 

Units | Analyst Analyzed 

Cyanide - Total 
Cyanide - WAD 

TCLP METALS 
Arsenic 
Barium 
Cadmium 
Chromium 
Lead 
Mercury 
Selenium 
Silver 

mg/l 
mg/l 

mg/l 

RES 
RES 

10/02/91 
10/03/91 

VTB 10/03/91 

Reported By: 
Michael"A.. Woodrum, Laboratory Director 

MAW/rbh 



BIOLOGISTS, TOXICOLOGISTS & CHEMISTS 

400 GRAYMONT AVENUE 
COLUMBIA, SOUTH CAROLINA 29205 
(803) 254-9915 

CLIENT: 

ATTENTION: 

Laboratory I.D 

91-9503 
91-9504 
91-9505 
91-9506 
91-9507 
91-9508 

CERTIFICATE OF ANALYSIS 

NEVADA GOLD 
P.O. Box 1510 
McCormick, SC 29835 

Mr. Rick Dye 

Sample Description 

Column 
Column 
Column 
Column 
Column 
Column 

4 upper; 
4 lower: 
5 upper; 
5 lower; 
6 upper; 
6 lower: 

Add-ons 
Add-ons 
Add-ons 
Add-ons 
Add-ons 
Add-ons 

SC DHEC CERTIFICATION NO. 26103 
NC DEM NO. 001 

Fax (803) 254-9107 

Date Received: 
Date Reported; 

09/27/91 
10/22/91 

Results 

QA/QC Officer 

Parameter 

Sulfide 

TCLP METALS 
Copper 
Zinc 

Units 91-9503 91-9504 91-9505 91-9506 

<50 <50 <50 <50 mg/kg 

mg/1 
<0.200 
<0.200 

<0.200 
<0.200 

<0.200 
<0.200 

<0.200 
<0.200 

Parameter 

Sulfide 

TCLP METALS 
Copper 
Zinc 

Units 91-9507 91-9508 
Date 

Analyst Analyzed 

mg/kg 

mg/1 

<50 

<0.200 
<0.200 

<50 

<0.200 
<0.200 

TMW 10/14/91 

VTB 10/03/91 

Reported By: 
runt, TiaEoratory D i r ec to r 

MAW/rbh 
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816 E a s t D u r s t ' S t r e o t , Greenwood , S.C. 29646 P h o n o ( 8 0 3 ) 2 3 9 - 5 2 1 1 " Fax* ( 8 0 3 ) 2 2 9 - 7 8 4 4 _ ^ / ^ j-f 

PROJ. NO. 

SAMPIERS NAMH/AFFIIiATIONi(?BINTED) 

SAMPLE 
NO. 

DATS TIME 

7^ 
O 

SAMPLE DESCRIPTION 

8 
O 
* 

o REMARKS 

/l> falMttu A uPr>£Z- gi-Q<3rP> $b 
£L COLO***** A I^>&>£-& 

1& COLUMN 5~ aPP&JZ qi-^oyr 
JL COLU?<^ $ L& uJg £ Ri-QSrfn 
J2& rom*<frj<U uPf%& 
c?< .C&LM ?***£, Cp£j->£t~2- ^> f f S . , ^ . * 

I CLP UI &«• a-<3£td-•i 

'&***? e-*— 

DATE / TIME RECEIVED BY; 
(SIGNATURE) 

RELINQUISHED BY: 
(SIGNATURE) 

DATE / TIME RECEIVED BY; 
(SIGNATURE) 

RELINQUISHED BY: 
(SIGNATURE) 

DATE / TIME RECEIVED /TQ' DATE / TIME REMARKS 

Dtf-IMINKINU WATIilt 
GW-GROUND WATER 

WMT-WAS'i'K WATER 
RC-RCRA 

IIW-UAZAKDOUS WASTE 
SW-SURFACE WATER 

SD-HOUU 
IM-IMPINGER SOLUTION 

AU-AUSOKUKNT TUOE 

K^SbJmw 



D a v i s & F l o y d , I O C * Laboratory Analysis Report 

Page 1 
Received: 09/06/91 

REPORT GWALIA USA LIMITED 

TO P.O. BOX 1510 

MCCORMICK, S. C. 29835 

ATTEN SCOTT WILKINSON 

WORK ID JOB NO. 7623.00 

P.O. M 

TAKEN S. WILKINSON 

TYPE SOLID WASTE 

NUMBER OF SAMPLES 6 

Work Order # 91-09-031 

09/25/91 10:34:00 

PREPARED Davis & Floyd, Inc, 

BY P.O. Drawer 428 

Greenwood, S.C. 29648 

PHONE <803>-229_5211 

"J0HNJ1CC0RD 

Comments: 

WE ARE PLEASED TO PROVIDE THIS CERTIFIED REPORT OF ANALYSES. 

FEEL FREE TO TELEPHONE IF FURTHER EXPLANATION IS REQUIRED. 

UNLESS OTHER ARRANGEMENTS HAVE SEEN MADE, SAMPLES WILL BE 

DISPOSED OF OR RETURNED 28 DAYS FROM THE DATE OF THIS REPORT. 

SAMPLE IDENTIFICATION 

01 COLUMN #1 UPPER 

02 COLUMN #1 LOWER 

03 COLUMN #2 UPPER 

04 COLUMN #2 LOWER 

05 COLUMN #3 UPPER 

06 COLUMN #3 LOWER 

DATE COLLECTED 

09/03/91 08:00:00 

09/03/91 08:00:00 

09/03/91 08:00:00 

09/03/91 08:00:00 

09/03/91 08:00:00 

09/03/91 08:00:00 

S SEP26 

ILbliDLbU U Lb 

• * • * » . 



Davis & Floyd, I n c . 
Page 2 

Received: 09/06/91 

Laboratory Analysis Report 

Work Order # 91-09-031 
09/25/91 10:34:00 

(Test Description 

|SILVER (TOTAL) 

(BARIUM (TOTAL) 

JCADHIUH (TOTAL) 

JTRIVALENT CHROMIUM 

|HEXAVALENT CHROMIUM 

(COPPER (TOTAL) 

(ZINC (TOTAL) 

JMERCURY (TOTAL) 

|ARSENIC (TOTAL) 

|LEAD (TOTAL) 

JSELENIUM (TOTAL) 

jCHLORINE RESIDUAL 

JSUIFIDE 

|CYAMIDE (TOTAL) 

|CYANIDE (WAD) 

(Test Description 

[SILVER (TOTAL) 

(BARIUM (TOTAL) 

[CADMIUM (TOTAL) 

JTRIVALENT CHROMIUM 

JHEXAVALENT CHROMIUM 

jCOPPER (TOTAL) 

{ZINC (TOTAL) 

Uni ts 

mg/l 

mg/l 

mg/l 

mg/l 

mg/l 

mg/l 

mg/l 

mg/l 

mg/l 

mg/l 

mg/l 

mg/l 

mg/l 

mg/l 

mg/l 

Units 

mg/l 

mg/l 

mg/l 

mg/l 

mg/l 

mg/l 

mg/l j 

01 

| COLUMN #1 UPP

ER 

0.015 

1.13 

<0.005 

<0.01 

<0.01 

0.04 

0.07 

0.0024 

<0.05 

<0.05 

<0.05 

0.13 

0.10 

0.334 

0.066 

05 

COLUMN #3 UPP

ER 

<0.010 

0.17 

<0.005 

<0.01 

<0.01 

0.03 

0.06 

02 
COLUMN #1 LOW
ER 

<0.010 

0.97 

<0.005 

<0.01 

<0.01 

0.02 

0.05 

0.0007 

<0.05 

<0.05 

<0.05 

<0.1 

0.10 

0.290 

0.048 

06 

COLUMN #3 LOW

ER 

<0.010 

0.29 

<0.005 

<0.01 

<0.01 

<0.02 

0.04 

03 

COLUMN #2 UPP

ER 

<0.010 

1.25 

<0.005 

<0.01 

<0.01 

<0.02 

0.04 

<0.0002 

<0.05 

<0.05 

<0.05 

0.15 

0.10 

0.479 

0.053 

04 [ 

COLUMN #2 LOW- | 

ER j 

<0.010 | 

1.09 | 

<0.005 | 

<0.01 j 

<0.01 | 

0.02 | 

0.09 j 

<0.0002 j 

<0.05 j 

<0.05 j 

<0.05 j 

0.1 | 

0.08 j 

0.233 j 

0.034 j 



Davis & Floyd, Inc . Laboratory Analysis Report 

Page 3 
Received: 09/06/91 09/25/91 10:34:00 

Work Order # 91-09-031 

Continued From Above 

Test Description 

MERCURY (TOTAL) 

ARSENIC (TOTAL) 

LEAD (TOTAL) 

SELENIUM (TOTAL) 

CHLORINE RESIDUAL 

SULFIDE 

CYANIDE (TOTAL) 

CYANIDE (WAD) 

Units 

mg/l 

mg/l 

mg/l 

mg/l 

mg/l 

mg/l 

mg/l 

mg/l 

05 
COLUMN #3 UPP

ER 

0.0012 

<0.05 

<0.05 

<0.05 

<0.1 

0.10 

0,379 

0.239 

06 I 

COLUMN #3 LOW- j 

ER 

0.0016 j 

<0,05 | 

<0.05 j 

<0.05 | 

<0.1 j 

0.10 | 

0.774 | 

0.440 j 



9/oyoj 
Page / of f Of _ < _ 

816 East Durst Street, Greenwood, S.C. 29649 

^ 

Phone (803)229-5211 Fax (803)229-7119 

X "7 , ^ f B PROJ. NO. PROJECT NAME //^adU fatffo&S 'l*C.{fr*M\ *U 
SAMPLERS NAME/AFFILIATION:(PRINTED) 

SAMPLE 
NO. DATE TIME 

O 
SAMPLE DESCRIPTION 

PARAMETERS 

izA ffl#> V GStdJiMA/ / - aPPFP irj-P 
x C&/M *!#... ( LO noet ic uP 
x /•0/MJM 2 ~ MPMZ JCLP 

X f.0/.#M*/ P - /-0U&Z TciP 
j£_ X Cel/itftAj 3 - A/PPf/2 TCl-P 

A HI 1 K CPiMsvi/ 3 - 1 - &ti>£Z ZLP 

^ 

s u 
tt^s *£ 

to u 

RELINQUISHED BY: 
(SIGN^TUE^ 

V*? 

DATE / TIME j RECEIVED BY: 
(SIGNATURE) 

REUNQUISHED BY: 
(SIGNATURE) 

DATE / TIME RECEIVED BY: 
(SIGNATURE) 

REUNQUISHED BY: 
(SIGNATURE) 

DATE / TIME DATE / TIME REMARKS 

DW-DRINKING WATER 
GW-GROUND WATER 

WW-WASTE WATERS 
RC-RCRA 

HW-HAZARDOUS WATER 
SW-SURFACE WATER 

SD-SOUD 
IM-IMPINGER SOLUTION 

AB-ABSORBENT TUBE 
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DAILY FLOW, CN, pH OF CELL 6 HEAP TEST 



APPENDIX D 

DAILY FLOW, CN, pH OF CELL 6 HEAP TEST 



Nevada Goldfield Inc. 
Cel1 Detoxification 

Cell: 6 
Date: Nov. 15 91 

Nos. 
Days 

1 
2 
•3 

4 
5 
6 
7 
S 
9 
10 
11 
12 
13 
14 
15 
16 
17 
IB 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 

Date 

04~0ct~91 
05-0et-91 
Q6-0ct-91 
07-0ct-91 
08-0ct-91 
09-0ct-91 
10-0ct-91 
ll-0ct-91 
12-0ct-91 
13-0ct-91 
14-0ct-91 
15-Oct-91 
16-0ct~91 
17-Gct-91 
18-0ct-91 
19-0ct-91 
20~0ct-91 
21-0ct-91 
22-0ct-91 
23~0ct-91 
24-0ct-91 
25-0ct-91 
26-0ct~91 
27-0ct-91 
2B-0ct-91 
29~0ct~91 
3O0ct-91 
31-Oct-91 
01-Nav~91 
02-Nov-91 
03-Nov-91 
04-Nov-91 
OS-Nov-91 
Q6-Mov-91 
07-Nov-91 
0e-Nov~91 

CN WRO PH 
mg/L 

205 
183 
195 
151 
150 
147 
163 
141 
130 
120 
103 
105 
90 
90 
95 
85 
75 
63 
75 
70 
63 
72 
50 
45 
45 
40 
40 
32 
32 
40 
40 
40 
37 
31 
42 
62 

11.4 
11.4 
11.4 
11.4 
11.4 
11.4 
11.4 
11.4 
11.4 
11.4 
11.4 
11.4 
11.4 
11.4 
11.4 
11.4 
11.4 
11.4 
11.4 
11.4 
11.4 
11.4 
11.4 
11.4 
11.4 
11.4 
11.4 
11.5 
11.4 
11.6 
11.5 
10.9 
11.3 
11.2 
11.1 

11 

Flow CN 
GP0 lbs. 

172800 
131040 
113760 
113760 
89280 
101520 
54720 
36000 
79200 
89712 
82080 
72000 
74880 
67680 
41760 
41817 
41817 
54144 
67680 
67680 
67680 
64080 
74880 
74880 
106560 
106560 
106560 
105120 
36000 
8712 
5587 
1022 
1022 

60768 
97560 
82109 

295.44 
200.00 
185.01 
143.26 
111.69 
124.46 
74.39 
42.33 
85.87 
89.78 
70.51 
63.05 
56.20 
50.80 
33.09 
29.64 
26.16 
28.45 
42.33 
39.51 
35.56 
38.48 
31.22 
28. ID 
39.99 
35.55 
35.55 
28.05 
9.61 
2.91 
1.86 
0.34 
0. 32 
15.71 
34. 17 
42. 46 



Nevada Gold-field Inc. 
Cel1 Detoxification 

Cell: 6 
Date: Nov. 15 31 

Nos. Date 
Days 

37 
33 
39 
40 
41 
42 

TOTALS: 

09-Nov-91 
lO-Nov-91 
ll-Nav-91 
12~Nov-91 
13~Nov~91 
14-Nov-91 

CN NRD pH 
mg/L 

65 
58 
57 
25 
20 
35 

11 
11.2 
11.2 
11.3 
11.2 
11.4 

Flow CN 
GPD lbs. 

113760 
109440 
97560 
09712 
67680 
47520 

61. 
52. 
46. 
18. 
11. 
13. 

.67 

.y4 
,36 
.70 
.29 
,87 

3118102.00 2376.71 

u, 





APPENDIX E 

LABORATORY RESULTS OF CELL 6 RESIDUE SAOTLES 
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Received: 12/05/91 

REPORT NEVADA GOLDFIELDS, INC. 

TO P.O. BOX 1530 

McCORMICK, SC 29835 

ATTEN SCOTT WILKINSON 

UORK ID JOB NO. 7623.00 

P.O. # 

TAKEN NEVADA GOLDFIELDS, INC, 

TYPE SOLID 

NUMBER OF SAMPLES 10 

Work Order # 91-12-034 

12/20/91 11:31:45 

PREPARED Davis & Floyd, Inc. 

BY P.O. Drawer 428 

Greenwood, S.C. 29648 

PHONE (803)-229 5211 

JOHN MCCORD 

Comments: 

WE ARE PLEASED TO PROVIDE THIS CERTIFIED REPORT OF ANALYSES. 

FEEL FREE TO TELEPHONE IF FURTHER EXPLANATION IS REQUIRED. 

UNLESS OTHER ARRANGEMENTS HAVE BEEN HADE, SAMPLES WILL BE 

DISPOSED OF OR RETURNED 28 DAYS FROM THE DATE OF THIS REPORT. 

SAMPLE IDENTIFICATION 

01 CELL 

02 CELL 

03 CELL 

04 CELL 

05 CELL 

06 CELL 

07 CELL 

08 CELL 

09 CELL 

10 CELL 

#1-#3 

#1-#3 

#1-#3 

#1-#3 

#2-#3 

#2-#3 

#2-#3 

#2- #3 

#2- #3 

#2-#3 

0-5 
5-10 

10-15 

15-20 

0-5A 

0-5B 

5-10 

10-15 

20-25 

15-20 

DATE COLLECTED 

DEC Z 3 



Davis & F l o y d , 

Page 2 

Received: 12/05/91 

\~dLP Tesfs 

I n c . Laboratory Analysis Report 

Work Order # 91-12-034 

12/20/91 11:31:45 

JTest Description 

01 

Units | CELL #1-#3 0-

i "5 

02 

CELL #1-#3 5-

-10 

03 

CELL #1-#3 1-

0-15 

04 

CELL #1-#3 1-

5-20 

|BARIUM (TOTAL) 

JCADMIUM (TOTAL) 

JTRIVALENT CHROMIUM 

JHEXAVAIENT CHROMIUM 

{COPPER (TOTAL) 

[ZINC (TOTAL) 

jMERCURY (TOTAL) 

jARSENIC (TOTAL) 

[LEAD (TOTAL) 

I 

[SELENIUM (TOTAL) 

|pH (LAB) 

[SULFIDE 

[CYANIDE (TOTAL) 

[CYANIDE (WAD) 

mg/l 

mg/l 

mg/l 

mg/l 

mg/t 

mg/l 

mg/l 

mg/l 

mg/l 

mg/l 

pH units 

mg/l 

mg/l 

mg/t 

0.50 

<0.005 

<0.01 

<0.01 

<0.01 

0.05 

<0.0002 

<0.005 

<0.05 

<0.005 

5 

<0.05 

0.465 

0.074 

0.36 

<0.005 

<0.01 

<0.01 

<0.01 

0.04 

<0.0002 

<0.005 

<0.05 

<0.005 

5 

<0.05 

0.550 

0.073 

0.72 

<0.005 

0.01 

<0.01 

0.02 

0.05 

0.0006 

0.005 

<0.05 

<0.005 

5 

0.10 

0.932 

0.156 

0.85 

<0.005 

0.01 

<0.01 

0.04 

0.05 

<0.0002 

0.006 

<0.05 

<0.005 

5 

<0.05 

0.343 

0.057 

Test Description 

BARIUM (TOTAL) 

CADMIUM (TOTAL) 

TRIVALENT CHROMIUM 

HEXAVALENT CHROMIUM 

COPPER (TOTAL) 

ZINC (TOTAL) 

MERCURY (TOTAL) 

ARSENIC (TOTAL) 

Units [ 

mg/l | 

mg/l j 

mg/t | 

mg/l | 

mg/l | 

mg/l | 

mg/t j 

mg/l j 

CELL 

-5A 

05 

#2-#3 0-

0.83 

<0.005 

0.01 

<0.01 

0.02 

0.03 

0.0015 

<0.005 

CELL 

-5B 

06 

#2-#3 0-

1.03 

<0.005 

0.04 

<0.01 

0.03 

0.05 

0.0009 

<0.005 

CELL 

-10 

07 

#2-#3 5-

1.09 

<0.005 

0.02 

<0.01 

0.02 

0.04 

0.0013 

<0.005 

CELL 

0-15 

08 

#2-#3 1-

1.18 

<0.005 

<0.01 

<0.01 

<0.01 

0.04 

0.0016 

0.005 

file:///~dLP


iCLP 'lesfs 
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Work Order # 91-12-034 

Continued From Above 

Test Description 

itEAD <T0TAL) 

;SELENIUM (TOTAL) 

ipH (LAB) 

SULFIDE 

CYANIDE (TOTAL) 

CYANIDE (WAD) 

Test Description 

BARIUM (TOTAL) 

CADMIUM (TOTAL) 

TRIVALENT CHROMIUM 

(HEXAVALENT CHROMIUM 

COPPER (TOTAL) 

|ZIMC (TOTAL) 

[MERCURY (TOTAL) 

(ARSENIC (TOTAL) 

(LEAD (TOTAL) 

SELENIUM (TOTAL) 

|pH (LAB) 

(SULFIDE 

CYANIDE (TOTAL) 

CYANIDE (WAD) 

Units | 

trig/1 i 

mg/l | 

pH units j 

m/i | 

mg/l | 

mg/L | 

Units | 

mg/L | 

mg/l | 

mg/l j 

mg/l [ 

mg/l | 

mg/l j 

mg/l | 

mg/l | 

mg/l | 

mg/l [ 

pH units | 

mg/l | 

mg/l | 

mg/l | 

CELL 

-5A 

CELL 

0-25 

05 

#2-#3 0-

<0.05 

<0.005 

5 

<0.05 

0.900 

0.471 

09 

#2-#3 2-

1.23 

<0.005 

<0.01 

<0.01 

0.02 

0.04 

0.0012 

<0.005 

<0.05 

<0.012 X 

5 

<0.05 

1.024 

0.564 

CELL 

-5B 

CELL 

5-20 

06 

#2-#3 0-

<0.05 

<0.005 

5 

<0.05 

1.384 

1.112 

10 

#2-#3 1 -

0.93 

<0.005 

<0.01 

<0.01 

<0.01 

0.04 

0.0023 

<0.005 

<0.05 

<0.005 

5 

0.19 

2.384 

0.308 

07 

CELL #2-#3 5-

-10 

<0.05 

<0.005 

5 

<0.05 

0.992 

0.582 

08 j 

CELL #2-#3 1- j 

0-15 j 

<0.05 J 

<0.005 | 

5 j 

<0.05 j 

1.164 j 

0.381 i 



Davis & F l o y d , XZIC. Laboratory Analysis Report 

Page 2 Work Order # 91-12-035 

Received: 12/05/91 12/20/91 11:35:41 

jTest Description 

I 
1 BAR IUM (TOTAL) 
1 
1 
|CADHIUH (TOTAL) 

JTRIVALEJJT CHROMIUM 
1 
1 
JHEXAVALENT CHROMIUM 

\COPPER (TOTAL) 
i 
s 
jZINC (TOTAL) 

JMERCURY (TOTAL) 
i 
1 
[ARSENIC (TOTAL) 

JLEAD (TOTAL) 

[SELENIUM (TOTAL) 

|pH (LAB) 

[SULFIDE 
i 

i 
[CYANIDE (TOTAL) 

[CYANIDE (WAD) 

1 
[Test Description 

1 
J8ARIUM (TOTAL) 

|CADMIUM (TOTAL) 

[TRIVALENT CHROMIUM 

JHEXAVALENT CHROMIUM 

[COPPER (TOTAL) 

|ZINC (TOTAL) 

JMERCURY (TOTAL) 
I 
1 
[ARSENIC (TOTAL) 

i 

1 
Units j 

1 

mg/l | 

mg/L | 

mg/l ] 
I 
1 

mg/l | 
i 1 

mg/l | 
1 1 

mg/l j 

mg/l | 

mg/l j 

1 
mg/l [ 

mg/l j 
l 
1 

pH units | 
t 1 

mg/l | 
1 
1 

mg/l [ 
1 
I 

mg/l | 

i 
Units | 

1 

mg/l | 

mg/l j 
i 
i 

mg/l { 

mg/l j 
1 
1 

mg/l | 
1 
1 

mg/l j 

mg/l j 

mg/l j 

I 

CELL 

-5 

CELL 

-10 

01 

#5-#4 0-

0.56 

<0.005 

<0.01 

<0.01 

0,02 

0.05 

<0.0002 

<0.005 

<0.05 

<0.005 

5 

<0.05 

0.844 

0.036 

05 

#6-#5 5-

0.87 

<0.005 

<0.01 

<0.01 

<0.01 

0.03 

0.0008 

0.006 

CELL 

-10 

CELL 

0-15 

02 

#5-#4 5-

1.21 

<0.005 

<0.01 

<0.01 

<0.01 

0.03 

<0.0002 

<0.005 

<0.05 

<0.005 

5 

<0.05 

0.546 

0.028 

06 

#6-#5 1-

0.98 

<0.005 

<0.01 

<0.01 

<0.01 

0.03 

0.0016 

<0.005 

03 

CELL #5-#4 1-

0-15 

0.97 

<0.005 

0.01 

<0.01 

<0.01 

0.04 

<0.0002 

<0.005 

<0.05 

<0.005 

5 

<0.05 

0.450 

0.032 

04 ] 

CELL #6-#5 0- j 

-5 j 

0.92 j 

<0.005 | 

<0.01 j 

<0.01 j 

0.14 j 

0.10 | 

0.0003 j 

<0.005 | 

<0.05 j 

<0.005 j 

5.20 | 

0.05 { 

0.163 | 

0.020 | 
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|Test Description 

|LEAD (TOTAL) 

|S£LENIUM (TOTAL) 

jpH (LAB) 

JSULFIDE 

(CYAHIDE (TOTAL) 

[CYANIDE (WAD) 

PH 

Units | 

mg/l | 

mg/l j 

units | 

mg/l [ 

mg/l | 

rog/L ! 

CELL 

-10 

05 

#6-#5 5-

<0.05 

<0.005 

5.14 

0.13 

1.428 

0.152 

CELL 

0-15 

06 

#6-#5 1-

<0.05 

<0.005 

5.10 

0.09 

1.132 

0.214 
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SAMPLE IDENTIFICATION 

01 CELL 

02 CELL 

03 CELL 

04 CELL 

05 CELL 

06 CELL 

07 CELL 

08 CELL 

09 CELL 

10 CELL 

#1-#3 

#1-#3 

#1-#3 

#1-#3 

#2-#3 

#2-#3 

#2-#3 

#2-#3 

#2-#3 

#2-#3 

0-5 

5-10 

10-15 

15-20 

0-5A 

0-5B 

5-10 

10-15 

15-20 

20-25 

DATE COLLECTED 

DEC 2 3 1991 

IbliDLbOU 
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Test Descript ion 
i 

Units ) 

i 

mg/kg j 

mg/kg ( 

mg/kg | 

mg/kg | 
t 
t 

mg/kg | 

mg/kg | 
t 
I 

mg/kg [ 
I 
I 

mg/kg j 
i 
I 

mg/kg j 

CELL 

-5 

01 

#1-#3 0-

3 

111 

25 

0.84 

<0.11 

150 

150 

<6 

30.9 

CELL 

-10 

02 

#1-#3 5-

3.6 

97 

21 

<0.60 

<0.11 

190 

132 

<6 

24.3 

CELL 

0-15 

03 

#1-#3 1 -

3.5 

146 

29 

0.66 

<0.11 

190 

274 

<5.5 

34.7 

CELL 

5-20 

04 

#1-#3 

3.3 

153 

21 

0.86 

<0.11 

187 

216 

<5.7 

21 

jCADMIUM 

(COPPER 

|ZINC 

jSILVER 

| MERCURY 

| ARSENIC 

(LEAD 

I 
jCYANIDE (WAD) 

CYANIDE (TOTAL) 

JTest Description 

J 05 06 

Units j CELL #2-#3 0- CELL #2-#3 0-

[ -5A -5B 

07 08 

CELL #2-#3 5- CELL #2-#3 

-10 0-15 

jCADMIUM 

[COPPER 

JZINC 

(SILVER 

|MERCURY 

|ARSENIC 

j LEAD 

(CYANIDE (WAD) 

CYANIDE (TOTAL) 

mg/kg [ 

mg/kg j 

mg/kg \ 

mg/kg \ 

mg/kg { 
1 
1 

mg/kg [ 
1 
1 

mg/kg [ 

1 
mg/kg j 

1 
mg/kg j 

5 

183 

27 

0.64 

<0.10 

296 

366 

12.2 

36.7 

3.1 

134 

26 

<0.58 

<0.11 

129 

144 

30.3 

65.7 

3.8 

152 

26 

0.63 

<0.11 

204 

307 

16.1 

48.9 

3.3 

141 

27 

<0.55 

<0.11 

176 

219 

11 

40.5 

(Test Description 

| 09 10 

Units | CELL #2-#3 1- CELL #2-#3 2-

I 5-20 0-25 

l CADMIUM mg/kg 3.7 
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i 
}Test Description 

I 

jCOPPER 

{ZINC 

jSILVER 
1 
1 
| MERCURY 
j 1 
|ARSENIC 
1 
1 
|LEAD 

jCYANIDE 

[CYANIDE 

(WAD) 

(TOTAL) 

| 

Units | 

1 
mg/kg j 

1 
1 

mg/kg | 
i 
! 

mg/kg \ 

mg/kg j 

mg/kg j 

1 
mg/kg | 

mg/kg | 
i 
[ 

mg/kg | 

CELL 

5-20 

09 
#2-#3 1-

151 

37 

<0.55 

0.11 

149 

208 

7.2 

69.9 

CELL 

0-25 

10 j 

#2-#3 2- | 

1 
._ j 

144 | 

33 | 

0.61 j 
1 
1 

<0.11 j 

219 j 

255 j 
1 
1 

17.2 j 
1 
I 

33.2 | 

I 
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|Test Description 

| CADMIUM 

jCOPPER 

|2INC 

[SILVER 

JMERCURY 

JARSEMIC 

[LEAD 

jCYANIDE 

[CYANIDE 

(WAD) 

(TOTAL) 

|Test Description 

jCADMIUM 

(COPPER 

|ZIHC 

[SILVER 

JMERCURY 

|ARSENIC 

[LEAD 

[CYANIDE 

[CYANIDE 

(WAD) 

(TOTAL) 

Units ] 

mg/kg [ 

mg/kg ] 

mg/kg [ 

mg/kg [ 

mg/kg \ 

mg/kg | 

mg/kg j 

mg/kg [ 

mg/kg [ 

Units | 

mg/kg [ 

mg/kg [ 

mg/kg J 

mg/kg [ 

mg/kg ] 

mg/kg | 

mg/kg j 

mg/kg | 

mg/kg j 

CELL 

-5 

CELL 

-10 

01 

#5-#4 0-

3.6 

92 

19 

<0.59 

<0.12 

143 

120 

<5.9 

38.5 

05 

#6-#5 5-

4.1 

188 

22 

<0.61 

<0.1Z 

249 

285 

<6.1 

64.2 

CELL 

-10 

CELL 

0-15 

02 

#5-#4 5-

2.6 

42 

20 

<0.60 

<0.12 

92 

130 

<6 

34 

06 

#6-#5 1 -

4.2 

141 

25 

1.06 

<0.12 

259 

392 

8.1 

52.3 

CELL 

0-15 

03 

#5-#4 1-

2.4 

33 

13 

<0.64 

<0.13 

87 

98 

<6.4 

38.2 

04 [ 

CELL #6-#5 0- ] 

- 5 i 

7.9 j 

344 j 

I 
24 j 

1.40 | 

1 
<0.12 | 

527 | 

377 j 
I 
I 

<6.1 j 

32.9 j 

I 

i 

I 

I 

I 
I 
I 

I 
i 
I 
i 
I 

! 

I 

I 

I 
I 
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CYANIDE DETOXIFICATION OF GOLD MIKE 
BARREN SOLUTIONS WITH HYDROGEN PEROXIDE 

Prepared For 

Nevada Goldfields Inc. 
Mccormick, SC 

By 
M i c h a e l R. Fagan 

INTRODUCTION 

L a b o r a t o r y e x p e r i m e n t s were c o n d u c t e d by FMC C o r p o r a t i o n t o 
d e t e r m i n e t h e e f f e c t i v e n e s s of hydrogen p e r o x i d e (H2O2) f o r 
d e s t r u c t i o n of c y a n i d e (CN~) i n a g o l d / s i l v e r mine p r o c e s s w a t e r 
( ba r r en s o l u t i o n ) . I n a d d i t i o n , t h e e f f e c t of H 2 0 2 t r e a t m e n t on 
d i s s o l v e d m e t a l s was a l s o m o n i t o r e d . 

R e s u l t s show t h a t CN~ c o n c e n t r a t i o n s c o u l d be r e d u c e d from 225 
mg/L t o n o n - d e t e c t a b l e l e v e l s in 6 h o u r s u s i n g a H202:CN™ w t . 
r a t i o of 4 : 1 w i t h o u t a d d i t i o n of Cu+ + c a t a l y s t . When 5 mg/L C u + + 

c a t a l y s t was a d d e d , H z 0 2 :CN~ w t . r a t i o ' s of 2 . 5 : 1 and 4 : 1 
H202:CN" a c h i e v e d n o n - d e t e c t a b l e l e v e l s of CN_ i n 5 and 3 h o u r s 
r e s p e c t i v e l y . 

Hydrogen p e r o x i d e t r e a t m e n t a l s o reduced t h e c o n c e n t r a t i o n o f 
s o l u b l e m e t a l s (Cu, Zn, Cd, Ba) i n t h i s p r o c e s s w a t e r . 

These s t u d i e s s h o u l d s e r v e a s a gu ide f o r f i e l d t r i a l s a n d / o r 
commercial u s e . 
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SUMMARY 

A range of CN" destruction rates were observed by varying the 
H2°2:CN~ wt. ratio's and copper catalyst concentrations. Cyanide 
destruction rates were enhanced by using 5 mg/L copper ion and/or 
higher ratio's of H202:CN~. 

In experiment 1, H202:CN~ wt. ratio's of 1.5:1, 2.5:1 and 4:1 
were tested without addition of Cu++ catalyst. The 4:1 wt. ratio 
achieved non-detectable CN~ levels after 6 hours. The 1.5:1 and 
2.5:1 wt. ratio's reduced CN~ concentrations to 1 and 0.5 mg/L 
respectively in 24 hours (Table 1, Figure 1). 

In experiment 2, the same wt. ratio's were used with 5 mg/L Cu++ 
catalyst (added as CuS04*5H20). The addition of catalyst improved 
both the reaction rate and H 2 0 2 efficiency. This is evidenced by 
the fact that the 4:1 H202:CN~ wt. reached non-detectable CN" 
levels after 3 hours {compared to 6 hours w/o catalyst). 
Furthermore, the 2.5:1 ratio with Cu++ achieved non-detectable 
levels after 5 hours while the uncatalyzed version (experiment 1) 
required 24 hours to reduce CN~ levels to 0.5 mg/L. 

The effect of H 2 0 2 treatment (without additional Cu + T) on 
dissolved metal concentration was also measured in these 
experiments. When compared to an untreated control, The H 2 0 2 

treated samples showed a decrease in the concentration of the 
following soluble metals: copper(63%), zinc(71%), cadmium(50%), 
and barium(20%) . The concentrations of arsenic, lead, mercury, 
selenium, and chromium were essentially unchanged (see attached 
analysis sheet). 

DISCUSSION 

The use . of H 2 0 2 for the detoxification of simple and weakly 
complexed cyanides is well known. Hydrogen peroxide will oxidize 
cyanide with or without catalysts. The reaction rate is improved 
however, by small amounts of soluble copper, either naturally 
occurring or when added as CuS04 or Cu(N0 3) 2. The reaction can be 
written as follows: 

(Cu++) 
CN" + H 20 2 > CN0~ + H 20 

The product of this reaction, CNO" (cyanate), is 1,000 times less 
toxic than cyanide. At a pH of 7, cyanate hydrolyzes to form 
carbon dioxide and ammonia. The reaction rate is dependent on the 
concentration of H 20 2 and the amount of copper- present. While the 
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stoichiometric wt. ratio of H2C>2 to CN~ needed to convert CN~ to 
CN0~ is 1.3:1, in practice a higher ratio is usually employed, 
The higher ratio speeds up the reaction and compensates for the 
loss of H2O2 to O2 and H2O due to decomposition by metals and 
alkaline pH conditions. The experimental findings are in keeping 
with what is known about H2O2 and CN~ reactions. 

The reduction in soluble metals concentration (Cu, Zn, Cd, and 
Ba) is likely the result of H2O2 oxidation of these metals to a 
less soluble oxidation state. This was noted in the formation of 
a small amount of precipitate in the H2O2 treated samples. 

The results will be found in Tables 1 & 2 , Figures 1 « 2 , and the 
attached analysis sheet. 

EXPERIMENTAL 

Barren Solution Sample 

An essentially clear barren solution sample with a pH of 11.5 and 
a CN~ concentration of 225 mg/L was received at PMC's Princeton 
R&D facility from Nevada Goldfields inc. McCormick, South 
Carolina. All tests were run under ambient temperature conditions 
(2 5°C) . No pH adjustment or filtration of the samples were done-
prior to treatment. 

Treatment 

Barren s o l u t i o n s a m p l e s (2 50 mis) were c h a r g e d w i t h t a r g e t e d 
amounts of 50% S t a n d a r d Grade H2O2 and s t i r r e d f o r 3 0 s e c o n d s t o 
ensure a homogeneous s o l u t i o n . Af t e r t h i s t i m e , t h e s a m p l e s w e r e 
a l lowed t o r e a c t w i t h o u t a g i t a t i o n . In t h e c a s e of t h e Cu++ 
c a t a l y z e d t r e a t m e n t s , t h e c o p p e r was d i s s o l v e d i n t h e s a m p l e 
p r i o r t o a d d i t i o n of H2O2 * The r e a c t i o n was a l l o w e d t o p r o c e e d 
u n t i l t h e H2O2 was e x h a u s t e d a n d / o r c y a n i d e l e v e l s were be low 
d e t e c t a b l e l i m i t s . 

Analyses 

Cyanide c o n c e n t r a t i o n s 'were de t e rmined over t h e c o u r s e of t h e s e 
e x p e r i m e n t s u s i n g t h e B u f f e r e d P i c r i c A c i d p r o c e d u r e . The 
p r i n c i p l e b e h i n d t h i s a n a l y s i s i s the r e a c t i o n of c y a n i d e w i t h 
the p i c r i c a c i d r e a g e n t t o p roduce an o range c o l o r which can b e 
measured s p e c t r o p h o t o m e t r y i c a l l y a t 520 nm. T h i s method m e a s u r e s 
bo th " f r e e " and WAD (weak ly a c i d d i s s o c i a b l e ) c y a n i d e s . The 
d e t e c t i o n l i m i t fo r t h i s p r o c e d u r e i s 0.26 mg/L. 
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Metals analysis were performed by the following techniques 

As,Pb,Cd,SefCr 
- GFAAS (Graphite Furnace Atomic Absorption Spectroscopy; 

Cu,Ba 
- ICP ( I n d u c t i v e l y Coupled Plasma) 

- HYDAAS (Hydride Atomic A b s o r p t i o n S p e c t r o s c o p y ) 

Zn 
FAAS (Flame Atomic Absorption Spectroscopy) 

CONCLUSIONS 

Based on laboratory studies conducted by FMC Corporation for 
Nevada Goldfields Inc. The following conclusions/recommendations 
are given regarding the use of hydrogen peroxide for cyanide 
detoxification of this gold/silver mine effluent. 

1) Hydrogen peroxide can effectively destroy cyanide in this 
mine effluent to non-detectable levels (i.e. <0.26 mg/1) 
when H202:CN- wt. ratio's of between 2.5:1 and 4:1 are 
used. It is recommended that a trial be conducted to 
confirm these results under actual field conditions. 

2) Hydrogen peroxide treatment resulted in decreased levels of 
the following soluble metals: Cu, Zn, Cd, and Ba when 
compared to the untreated control. The levels of As, Pb, 
Hg, Se, and Cr were essentially unchanged. The use of a 
flocculating or metals precipitating product should be 
considered to further reduce soluble metal concentrations. 

3) To provide uniform distribution of H2O2 "during field scale 
treatment, a mix tank of appropriate size (e.g., 1000 gal.) 
should be used to introduce the H2O2 into the barren 
solution. 

4) The H202\CN~ reaction rate can be enhanced by the addition 
of 5 mg/L Cu + + to the barren solution. 

Prepared by: //'^fe^'? 
..,-—: •MidhaeX7*R. ^agarT 

Approved by: 

Date: 

Date : C{-l-L~1\ 
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TABLE 1 

Time 
(Hr) 

0 

1 

3 

4 

5 

6 

24 

NEVADA GOLD FIELDS INC. 

Data Table - Experiment 1 

CN- Concentration Over Time 
1.5:1 Ratio 
(H202:CN-Y 

2 25 mg/L 

205 » 

165 " 

14 0 " 

12 0 " 

112 » 

1 » 

2.5:1 Ratio 
fH202:CN-) 

225 mg/L 

175 " 

100 " 

72 " 

4 0 " 

3 5 " 

0.5 " 

4:1 Ratio 
fH202:CN-) 

225 mg/L 

13 5 " 

2 8 " 

8 " 

1 " 

ND " 

_ 

ND = Non-detectable (measured by buffered picric acid procedure; 



TABLE 1 

NEVADA GOLD FIELDS INC. 

Data Table - Experiment 1 

CN- Concentration Over Time 
1.5:1 Ratio 
fH202:CN-Y 

225 mg/L 

205 » 

165 " 

14 0 " 

120 " 

112 " 

1 " 

2.5:1 Ratio 
fH202:CN~) 

2 25 mg/L 

1 7 5 M 

100 " 

72 " 

4 0 " 

35 " 

0.5" 

4:1 Ratio 
(H202:CN~1 

22 5 mg/L 

135 " 

2 8 "" 

8 " 

1 " 

ND " 

— 

detectable (measured by buffered picric acid procedure; 

0 1 



FIGURE 1 

250 
mg/L Cyanide 

25 

H202:CN- wt. ratio 

— 1.5:1 ~ 4 - 2.5:1 - * 

Prepared by MR Fagan - FMC Gorp. 



TABLE 2 

NEVADA GOLD FIELDS INC. 

Data Table - Experiment 2 
(5 ppiu Cu++ catalyst added to all 3 Treatments) 

CN~ Concentration Over Time 
Time 
IHr) 

0 

1 

3 

5 

24 

1.5:1 Ratio 
(H2p2:CN-) 

225 mg/L 

182 " 

13 8 " 

95 " 

0.5 " 

2.5:1 Ratio 
„f,H202:CN-) 

225 mg/L 

160 " 

65 " 

ND 

_ 

4:1 Ratio 
1H2,02:CN~),. 

225 mg/L 

112 " 

ND 

-

_ 

ND - Non-detectable (measured by buffered picric 
acid procedure) 



FIGURE 2 

250 
mg/L Cyanide 

H202-.CN- Wt. Ratio j 

1.6:1 (6 ppm Cu**) - 4 —2.5 :1 (6 ppm Cu++)' - * - 4 : 1 (6 ppm G u 4 ) 

Prepared by MR Fagan-FMC Corp. 
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NEVADA GOLDFIELDS 
GROUND WATER MONITORING PLAN 
SOLID WASTE DUMP 
PERMIT IWP - 242 

In accordance with solid waste permit IWP - 242, the following 
ground water monitoring plan is submitted for our residue disposal 
facility. 

GROUND WATER MONITORING SYSTEM 

Seven clusters of monitoring wells have been installed for the 
facility. Each cluster consists of one shallow well to monitor 
saprolite water table as requested in permit condition 7, and also 
wells to monitor any deeper fracture zones that are hydraulically 
active. These well locations are shown on the enclosed drawing 
(IWF-1) . A schematic drawing of both the shallow and deep wells is 
also enclosed. The well depths are as follows: 

WELL NUMBER DEPTH WELL NUMBER DEPTH 

Al 
A2 
A3 

CI 
C2 

GW-5 

El 
E2 
E3 

GW-6 

Gl 
G2 
G3 

193 FT 
143 FT 
70 FT 

182 FT 
75 FT 
37.8 FT 

60 FT 
300 FT 
106 FT 
28.4 FT 

38 FT 
200 FT 
125 FT 

Bl 
B2 

Dl 
D2 
D3 

Fl 
F2 
F3 

171 FT 
121 FT 

130 FT 
160 FT 
79 FT 

205 FT 
140 FT 
75 FT 

Two systems (clusters A and F) have been installed hydraulically 
upgradient from the facility for groundwater samples that are 
representative of background groundwater quality and are not 
affected by the facility. 

Five systems (clusters B, C, D, E, and G) have been installed 
hydraulically downgradient from the facility to detect any 
statistically significant degradation of groundwater quality if 
degradation of groundwater were to occur. In addition, four more 
wells have been installed hydraulically downgradient from the waste 
facility toe, one on either side of Well cluster D and two around 



the edges of the Barren Pond, as shown on the enclosed drawing. 
These four wells (L, M, 0, and P) will monitor water quality in the 
uppermost aquifer. 

The monitoring system will be maintained so that water quality 
immediately upgradient and downgradient of the facility may be 
measured. 

All monitoring wells have been or will be constructed and integrity 
will be maintained in accordance with R.61-71. 

If it is determined by Nevada Goldfields or SCDHEC that the 
groundwater monitoring system no longer satisfies the minimum 
requirements for the number, location, construction, or integrity 
of the wells with relation to structurally damaged wells, dry 
wells, wells no longer upgradient or downgradient, etc., Nevada 
Goldfields will: 

1. Notify SCDHEC Solid and Hazardous waste Div. in writing 
within seven days of evaluation data, but no later than 
sixty days after collecting water level data, that the 
monitoring system no longer satisfies permit conditions; 

2. Submit to SCDHEC Solid and Hazardous Waste Div. in 
writing a complete proposal to upgrade the monitoring 
well network within thirty days of notification from 
DHEC, but no later than ninety days after collecting 
water level data; and 

3. Complete installation of additional well(s) necessary to 
achieve compliance with permit conditions within forty-
five days of receiving approval from DHEC. 

ROUTINE GROUNDWATER MONITORING 

Nevada Goldfields will perform routine monitoring of groundwater 
quality and elevation conditions to determine if residue disposal 
activities are affecting groundwater quality at the facility. 

Groundwater monitoring will be performed according to the 
constituent list and schedule in table 1 for all wells specified in 
the permit condition 7d and any other well(s) deemed necessary by 
the facility or SCDHEC. A copy of the sampling and analysis plan 
used by Nevada Goldfields is enclosed. 

Initially, only the wells to the upper aquifer will be sampled. 
These wells will be sampled twice within one week and then 
quarterly during the first year of operation for background data. 
They will continue to be sampled quarterly throughout the life of 
the project and after closure. If, at any time, it appears that 
the upper aquifer is becoming contaminated by metals or cyanide 
leaching from the residues, then the monitor wells to the second 

0*4 



aquifer will be sampled twice in one week to start establrshxng 
background data for this aquifer. 

Nevada Goldfields will determine on a quarterly basis the elevation 
of the groundwater surface in each sampled well the same day the 
samples are collected. 

Each quarter, Nevada Goldfields will collect, preserve and analyze 
groundwater samples as outlined in the enclosed Sampling and 
Analysis Plan, for the constituents listed in table 1. The 
following procedures will alos be used: 

Samples will be collected by bailing using E.P.A. protocols. 
Three well volumes will be evacuated prior to collection of 
the sample, or the well will be evacuated until dry. Well 
volumes will be determined by measuring the depth to water -
depth to bottom of well * radius of the well squared * pi. 

Samples will be preserved according to E.P.A. protocols. 
These protocols are outlined in the Appendix to the attached 
Sampling and Analysis Plan. 

Samples will be sent to a SCDHEC certified lab for analysis on 
all constituents listed in table 1. 

DATA EVALUATION 

It is well known that the metals and other constituents of 
groundwater vary greatly throughout the course of the year. 
Rainfall events and changes in the height of the water table can 
naturally cause wide fluctuations in the measured parameters. This 
needs to be taken into account when evaluating groundwater data. 

Another factor that needs to be taken into account is the general 
mineralization of the area. Nevada Goldfields, Inc. would not be 
mining here if significant mineralization had not occurred in this 
area. This means that many metal values may naturally be outside 
of "normal" groundwater parameters. No amount of remediation will 
change "natural" metal levels to "normal" ones. 

Nevada Goldfields will establish baseline water quality data for 
all wells for the constituents included in the first six sampling 
events as specified in table 1. The six sampling events will 
include two events prior to waste disposal to be collected at a 
time interval not less than one week apart, and four quarterly 
sampling events during the first year of operation. 

Nevada Goldfields will compare the downgradient water quality to 
the upgradient water quality using one or more of the procedures 
specified in the Federal Register, 40 CFR Parts 257 and 258. 



The initial six samples of each downgradient well and the 
results of the two upgradient wells (18 samples total) will be 
used as the sample population to establish a tolerance 
interval for each constituent using the distribution of the 
background data. 

A tolerance interval represents the limits within which a 
specified percentage of the population is expected to lie with 
a given probability. If the standard deviation of the 
population of samples were known, the limits for a given 
percentage of the population could be calculated with 
certainty. However, when only an estimate of the standard 
deviation is known, based on a limited sampling population, a 
tolerance interval based on inclusion of a percentage of the 
population with a specific probability of inclusion is all 
that can be calculated.1 

The tolerance interval will be calculated as follows: 

Tolerance Interval - X +/- ks 

where X is the sampled population mean, s is the estimated 
standard deviation, and k is a factor based on the percentage, 
p, of popul at ion to be inc luded, the probab i 1 i ty, t, of 
inclusion, and the number of measurements used to calculate X 
and s. The percentage and probability will both be used at 
the 95% level, corresponding with the .05 Type I error level 
suggested in the EPA subtitle D regulations. The k value will 
be taken from a chart such as that found in KBS Handbook 9I.2 

For the purpose of determining X and s, all data reading below 
the detection limit will be used as the detection limit value. 

After the tolerance interval has been established, any sample 
that reads outside of the interval will be suspected of 
showing groundwater contamination for the element in question. 

There will be some parameters that can not be analyzed by the 
above method. Any samples that constantly read below the 
detection limit will have no measurable standard deviation, 
and therefore no tolerance level. An increase in the reported 
values of these samples over three sampling events will be 
considered to show possible contamination. 

If groundwater contamination is suspected, the well will be 
resampled and reanalyzed for the suspicious parameters. If 

1 Taylor, John; Quality Assurance of Chemical 
Measurements, Lewis Publishers, C1987, pg31. 

2 Natrella, M.G., "Experimental Statistics", NBS Handbook 
91, National Bureau of Standards, Gaithersburg, MD 20899. 



the second sampling also shows values outside the allowable 
range, the Department will be notified. If the average of the 
two values is greater than groundwater limits for the 
parameter, an assessment of groundwater impact will begin as 
addressed in Permit IWP-242, Condition 10. If the average of 
the two values is less than groundwater limits, no action will 
be taken until after sampling is completed for the following 
quarter. 

The following quarter the monitor well in question would be 
sampled along with the rest of the wells. If the value of the 
suspicious parameter shows an increase when compared with the 
average value obtained from the two samples taken the previous 
quarter, the well will be resampled and retested for that 
parameter. If the average of these two values is higher than 
the average from the previous quarter, assessment of 
groundwater impact will begin. If the value of the suspicious 
parameter has decreased when compared with the average value 
obtained from the two samples taken the past quarter, we will 
wait and see what the following quarter's results are for that 
parameter. 

This quarterly tracking will continue until the parameter has 
dropped back to within the allowable range (at which time the 
incident is assumed to be over), the average value of the two 
samples taken within the same quarter has increased for two 
consecutive quarters, or the value has increased above 
groundwater limits. 

The quarterly samples from the upgradient wells will be compared 
with the baseline established from these wells (12 samples) in the 
same manner. This will help to determine if the groundwater is 
deteriorating above the minesite. If these wells show groundwater 
deterioration, the Department will be notified so that it may look 
for the cause if it deems it is warranted. 

If any more wells are added to the system due to changing 
hydrology, etc., the same plan will be used. 

Nevada Goldfields will ensure that the groundwater flow rate and 
direction are evaluated by a qualified registered professional 
geologist or geotechnical engineer each time samples are taken. A 
potentiometric surface map will be generated which will demonstrate 
the flow directions for the uppermost aquifer. 

CLOSURE/POST CLOSURE MONITORING 

Nevada Goldfields will monitor groundwater quality in the 
upgradient and downgradient wells in the uppermost aquifer at the 
facility for a period of thirty years as required in permit 
condition 12. After five years of post closure monitoring, NGI 



will petition DHEC to terminate or modify post closure monitoring 
if study of the site hydrology and groundwater quality shows 
justification. 

The monitoring program will be identical to the operations 
monitoring plan described in detail above. The cost of the 
groundwater monitoring program is projected at $30,000 per year (in 
constant 1991 dollars). 

REPORTING 

Nevada Goldf ields will submit results of the groundwater monitoring 
program as specified in table 1 in accordance with the following 
schedule stipulated in permit condition 13: 

Sampling Quarter Sampling Period Results to DHEC 
1st January-February April 15 
2nd April-May July 15 
3rd July-August October 15 
4th October-November January 15 

Nevada Goldfields will submit a quarterly report containing all 
water quality data and statistical analyses to DHEC as specified in 
the schedule above. An annual report will be submitted with the 
fourth quarter report summarizing the quarterly determinations of 
groundwater flow direction and rate. This report will include 
determination as to whether the monitoring well network continues 
to meet the requirements of permit condition 7. 



GROUND WATER MONITORING WELLS 
SAMPLING AND ANALYSIS PLAN 



INTRODUCTION 

Monitoring of the ground water is an important part of the overall 
plan to protect the environment at the Barite Hill Project. Ground 
water monitor wells have been strategically placed so that any 
leaks in the solid waste facility, the pads, or ponds can be 
detected and the problem addressed before irreparable damage is 
done to the environment- Two well clusters, A and F, have been 
installed upgradient of the system. These wells will be used to 
determine the background quality of the ground water. The rest of 
the wells are hydraulically downgradient. 

This sampling plan must be followed to ensure that the ground water 
samples taken are truly representative of the ground water, that no 
contamination is introduced into the ground water by the sampling 
procedures, and that the analytical results are accurate. 

EQUIPMENT/SITE PREPARATION 

1. All wells are to be kept locked unless sampling is taking 
place. 

2. Equipment used for monitor well sampling is dedicated for this 
purpose only and is stored in such a way as to keep it clean 
and free of contamination. 

3. All equipment that will go down the well (M-scope, teflon 
bailer) are triple rinsed with distilled water and allowed to 
dry before entering each well. 

CALCULATION OF AMOUNT OF WATER TO BE EVACUATED PRIOR TO SAMPLING 

4. Depth to water is to be measured from the top of the PVC 
casing using the M-scope. Depth to water is measured in all 
wells that are to be sampled before sampling any of the wells. 
Depth to water is recorded on Water Sampling Form (See 
Appendix). 

5. Subtract the depth to water from the total depth of the well 
to calculate the length of the water column. 

6. Use the following formula to find the total volume of water in 
the well: 

Volume = (0.5*casing diameter)2 * pi * water column depth 

7. Multiply the volume obtained in step six above by 3 to get the 
amount of water that must be evacuated before sampling. 

t^£> 



PUMPING WELLS AND SAMPLE COLLECTION 

8. Sample upgradient wells first to ensure they are not 
contaminated by anything in the downgradient wells. 

FOR 4" diameter wells with dedicated air-lift pumps (GW l,2r3,5&6) 

9. Pump the well with the dedicated air lift pump into a 
graduated bucket until the three well volumes calculated in 
step seven are evacuated or until the well is pumped dry. 

10. Allow the well to recover enough volume to fill the required 
sample bottles, then sample while wearing latex gloves. The 
required parameters to sample for are listed in the Appendix. 

FOR 2" Monitor Wells (no pumps, Wells A-0) 

11. Lay plastic on the ground around the well to prevent 
contamination of the sampling equipment. Wear latex gloves to 
prevent contaminating the bailer with your hands. Evacuate 
three well volumes (calculated in step 7) or until dry, using 
the teflon bailer and disposable bailing line. Disposable 
bailing line should be composed of a chemically inert material 
such as polypropylene rope or nylon weedeater line. (Be sure 
to replace bailing line before bailing each well.) 

12. Fill the required sample bottles using the teflon bailer. The 
required parameters are listed in the Appendix. 

QUALITY CONTROL SAMPLES 

13. Each sampling event should include double sampling one well 
for all parameters. These samples will be sent in to the lab 
for analysis under the designation Well T. Randomly pick 
which well is to be sampled by drawing from a hat. Record 
which well is picked on the Water Sampling Form. Sample as 
above. Blank samples consisting of distilled water will also 
be sent to the laboratory under the designation Well U. 

INTERIM SAMPLE STORAGE 

14. Immediately after collecting each sample, add any 
preservatives necessary, (see Table 1), cap and store in 
cooler. Sample bottles usually already contain the 
preservatives necessary when sent from the lab, however, you 
should check the label to make sure no mistakes were made and 
the preservative in the bottle is the correct one. 

c 



FIELD MEASUREMENTS 

15. pH, Specific Conductivity, and Temperature measurements must 
be taken in the field. 

pH - Calibrate meter using the two standard method. First, 
place the electrode in pH 7.00 buffer solution and set meter 
to 7.00 using the calibration knob. Rinse the electrode by 
swirling in distilled water and then place in the pH 4.00 
buffer solution. Adjust the slope so the meter reads 4.00. 
Field calibration should be done in the field so the 
temperature at calibration is as close as possible to the 
temperature at reading. (The meter has built-in temperature 
compensation, but will still fluctuate slightly with 
temperature.) Again rinse electrode with distilled water. 
Repeat the above steps until stable readings are obtained. 
The meter is now ready to operate. Read ground water field pH 
by placing electrode into a sample. The pH recorded will be 
the average of three separate readings taken at each well. 
Check for meter drift by reading the pH of the pH 4.00 buffer 
at least every fourth well. Recalibrate meter if needed. 

Specific Conductivity - Specific conductivity is also read in 
the field using a meter. The probe calibration is checked by 
reading a standard solution of a known conductivity. If this 
reading is not correct, follow the manufacturer's instructions 
to recalibrate the probe. Again, the specific conductance 
recorded will be an average of three separate conductivity 
readings for each well. 

Temperature - Temperature is read of a thermometer allowed to 
equilibrate in a ground water sample. 

CHAIN OF CUSTODY 

16. A Chain of Custody must be kept with all monitor well samples 
to ensure that the sample taken from the well is the same 
sample that reaches the lab for analysis The sampler should 
fill out a Chain of Custody form for all samples. An example 
of a Chain of Custody form can be found in the Appendix. A 
copy of the completed Chain of Custody forms and copies of the 
completed water sampling forms should be turned into Jean 
Whisnant. 

SHIPMENT 

17. Samples will be preserved at 4 degrees C immediately after 
collection (See Interim Storage Section above). They will 
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continue to be held at 4°C until delivery to the lab for 
analysis. Sample coolers will either be sealed and shipped 
overnight or hand delivered to the lab. The limited holding 
time is 48 hours for nitrate samples, so samples must be 
received by the lab in time to do these analyses. 

K*s A., v. 
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NEVADA GOLDFIELDS, INC. 
BARITE HILL PROJECT 

DATE / / Page of 

WELL ID# 

TIME OF SAMPLING: 

REFERENCE POINT DESCF 
TD 

DTW 
COLUMN 

VOL/FT 
VOUWELL 

BEGINNING 

IIPTfON: 

•LAB 

[]ON-SiTE 

CONSTITUENTS CONTAINERS 

DUPLICATE ID# 

END 

X3 

PRESERVATIVE 

=VOL. EVACUATED 

pH 
SP. COND. 

REMARKS: 

SAMPLERS: 



SOUTH CAROLIHA DEPARTMENT OF HEALTH AND ENVIRONMENTAL CONTROL 
SOLID WASTE LANDFILL GROUNDWATER DETECTION MONITORING REQUIREMENTS 

(12/89) 

Const i tuent 
Ammonia 
Bicarbonate 
Calcium 

- Chloride 
Fluoride . 
Iron 
Maqnesium 
Manqanese 
Nitrate (as N) 
Potassium 
Sodium 
Sulfate 
TOC 

I Total Dissolved Solids 
j Temperature 
Specific Cond. 
.£H_LF±eJLd_.,&....Lab) 
Aluminum 
Arsenic 
Barium 
Cadmium 
Chromium _ _____ 
Cogger 
Lead 

..Nickel_ . ___. 
Mercury 
Selenium 
Silver 
Zinc 
Cyanide __._ _____ 
Water Level Elev. 

All Wells (Feet MSL) 

«2 Samples 
Prior To 

Waste Disposal 
X 
X 

J X 
1 x X 

X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
x 
X 
X 
X 

_____ x„ ___ 
X 
x. 

_ x _ . _ _ _ 
X 
X 
X 

_..___... X 

•1st Year 
_̂axt_?Xiy.--

X 
X 
X 
X 

_x 
.X . 
X 
X 
X _._ 
x _ _ _ 
x_ 
X ._ 

..__ E..-
x. _ 
x_ 

- X. 
x 
x _ 

_x 
X. ... 
x 

___. X 
X 

MMILM ' 
X X 

_ X 
x._. _ 
X,. 

__ X _ 

Second Yea 
All_Remain 
1st, 2nd 
&__3r̂ ..0tr 

.x 

... x 

X 

. __... X 
X 
.X... 

x 
_...X 
_ X .; 

__ _. X 
x. 
x .. 
.X _ 
X 

r and 
ing Years 

4 th Qt 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
x 
X 
X 

X X 
_ X 

X 
X 
X 
x__ 
x 

_..x 

._ x_ 

X 
X 
X 
X 
X 
X 
X 

X 

* Applies only to New or Expanding Facilities 



U.S. EPA RECOMMENDED PRESERVATION 
METHODS FOR WATER AND WASTEWATER SAMPLES3 

Test 

Acidi ty Alkal ini ty 

Ammonia 

BOD 

COD 

C h i O ! H J O 

Chlor ine, residual 

Cyanide 

Dissolved Oxygen 

Fluoride 

Mercury 

Metals 

Nitrate 

Nitrite 

Oil & Grease 

Organic Carbon 

pH 

Phenoi ics 

Phosphorus, o r tho 

Phosphorus, total 

Solids 

Specif ic Conduct iv i ty 

Sulfate 

Sulf ide 

Temperature 

T K|eldahi N i t rogen 

Turbidity 

Preservation Method 

Store a t 4 ° C 

Add H 2 S 0 4 t o p H --.2 
Store a t4°C 

Store a t 4 ° C 

Add H ? S 0 4 t o p H •? 

None required 

Det. on Site 

Add NaOH t o p H > 1 2 
Store a t4°C 

Dei on site 

None required 

Add H N 0 3 to pH 2 

Add HNO3 t o p H 2 

Add H 2 S 0 4 t o p H • -2 
Store a t4°C 

Store at 4°C 

Add H 2 S 0 4 t o p H --2 

Add H 2 S 0 4 t o p H - 2 
Store a t4°C 

Store at 4°C 

A d d H3PO4 t o p H : 4 
& 1 .0gCuSO 4 / / „ 

Store at 4°C 

Filter on site 

A d d H 2 S 0 4 t o p H -.2 
Store at 4°C 

Store at 4°C 

Store at 4DC 

Store at 4 :C 

A d d 2 m i 1 (Mzinc 
acetate & 1 N 

NaOH t o pH > 9 
Store at 4°C 

Det. on site 

Add H 2 S 0 4 t o p H - 2 
Store at 4°C 

Store at-4°C 

Max. R e c o m m e n d e d 
Holding T ime 

14 d a y s 

24 h o u r s 

48 h o u r s 

28 days 

28 d a y s 

No ho ld ing 

14 d a y s 

No ho ld ing 

28 d a y s 

28 d a y s (in g lass) 
13 d a y s (in p last ic} 

6 m o n t h s 

48 h o u r s 

48 h o u r s 

28 d a y s 

28 d a y s 

No h o l d i n g 

28 d a y s 

48 h o u r s 

28 d a y s 

7 d a y s 

28 d a y s 

28 d a y s 

7 d a y s 

No h o l d i n g 

28 d a y s 

48 h o u r s 

3 FEDERAL REGISTER. Vol. 49, No. 209. Friday, October 26, 
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SAMPLERS NAME/AFFIUATION:(PRINTED) 

SAMPLE 
HO. DATE 

'* -\ 
N 

TIME 

G
R

A
B

 

\ 

RELINQUISHED BY: 
(SIGNATURE) 

RELINQUISHED BY: 
(SIGNATURE) 

8 SAMPLE DESCRIPTION 

• i 

' 

DATE / t TIME 

DATE / TIME 

N
O

. 
O

F 
B

O
T

T
L

E
S

 
| 

RECEIVED BY; 
(SIGNATURE) 

RECEIVED FOR LAB BY: 
(SIGNATURE) 

/ PARAMETERS / 

/ / / / / / / / / / / / / / / / REMARKS 

RELINQUISHED BY: 
(SIGNATURE) 

i 

DATE / TIME 

DATE / TIME RECEIVED BY: 
(SIGNATURE) 

SA
M

PL
E

 T
Y

P
E

 

PO
T

E
N

T
IA

L
 

H
A

ZA
R

D
 

REMARKS 

DW-DRINKING "WATER W-WASTE WATER HW-HAZARDOUS "WATER SD-SOUD AB-ABSORBENT TUBE | 
GW-GROUND WATER. RC-RCRA SW-SURFACE WATER IM-IMPINGER SOLUTION F -FILTERS p n & 
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331 P12 WS 29 ' 9 1 13:44 

ft £ 0 I- A M A T I O H P L A N Permit # 

1, What useful purpose(s) will the affected land be reclaimed to'(check one or more}? 

a. lake or pond _. f, grassland y . 

b. agriculture g. recreation ' 

c. woodlands • h, marsh land 

d. residential i . park 

e. commercial j . other 

2. Describe practices to protect adjacent resources such as streams, roads, wildlife 
areas, woodland, cropland and others durino mining and reclamation. Please see the 
foXL&dng sections in the attached " Description of Mine Activities Report", 

a . Section 5.4, Sediment Control Structures; 
b . Section 6,4, Pad Leak Defection System; 
c . Section 6-6, Solution Ponds; 
d. section 7.0, Mine %bst& Disposal Areas; 
e . Section 8.0, Operation and Monitoring; and 
£. Section 9,0, Beclatnaticn-

X Surface Gradient Restoration • 

(a) What will be the final'maximum surface gradient in soi l , $mdt or .other 
unconsolidated materials on the reclaimed lands? {sloppy staepsr than 
3H:1V must have prior opyruval oy nne Department) 
3H: IV 

(b) Proposed method for accomplishing surface gradient: 

Please see the following section in the attached "Description of Mine Activities » 

a. Section 9.1, Surface Grading and Kestoration 

Describe the plan for revegetation or other surface treatment of affected area(s). 

Please see the following section in the attached "Description of Mine .activities Report" 

a. Section 9.4, Revegetation 

FORM HH-SQQ 
2/12/80 

Page 2 of 5 pages 



331 P13 AUG 29 ' 9 1 13:44 

Permit t 
r 5* Method of prevention or elimination of conditions that will be hazardous to 
I . animal or fish life in or adjacent to the area (include safety, pollution. „ . . 
I i ,• . sediment and/or other ittasurel). *Ehe * ^ e location i s J5J^- 1 , J% u5gWSgk« IS&4?™*-n„ anticipated on aniiial and fish l i f e or on any pwl^ ly^c^prxya t^y owned jUanas, A g i t ^ g l y , SresenFirS Fccest Seroce lands, adjacent to proposed none lands, shall become the propertv 
j S applicant before mining act ivi t ies commence. Nearby lake Vfauxnond_xs a r e c x e a t i o ^ 

•-

S d shall be protected fron any mine pollutants from applicant's oompliance with a KPDES permii 

6. Method of rehabilitation of settling pon 

• 
HI 

Pleas® see the following section in the attached "Description of Mine Activities jReport," 
a* Section 9.0, Reclamation 

Method of control of contaminants and disoosal of mine refuse. Please see the following 
sections in the attached " Description of Mine Activities Report", 

a. Section 6*0, Heap Leach Facil i ty Design? 
b . Section 7.0, Mine Vfeste Disposal Areas; and 

_ c. ^ctapn 8.0, Cperataon and ^ni toxing 
Method o> restoration or establishment of stream channels and stream banks -
to a condition-minimizing erosion, siltation and other pollution, 

Not Applicable; deterioration of stream channels or tanks i s not anticipated. 

9, Method of controlling erosion and off-site siltation from temporary spoil 
banks and ridges* Please see the following sections in the attached "Description of Mine 
Activities Report", 

a. Section 5.4, Sediment Control Structures; 
b. Section 7.0, Mine Pfeste Disposal Areas; 
6. Section 8.0, Oparatxon and fonitoring; and 

,,, , g. Section, 9.0,-PBClamation. 
what are your plans ror maintenance to insure that the reclamation practices 
established on the affected land will not'deteriorate before'released by the 
Sep a rtrnent? Regular inspections of the reclamation practices established and 
ironitoring of thei r performance shal l be conducted. In the event that practices are 
deteriorated before they are released :by the Department, the applicant shall ensure 
prompt repair or re-establi^hment of such practices, within a reasonable period of time. 

Outline provisions of reclamation for safety to persons and to adjoining property 
in all excavation of rock, (Include such provisions as setbacks, fencing, signs* 
benches, boulders, etc.) 
The mine location i s remote. Tbiere are no potential physical hazards to persons or 
neighboring dwellings for they are beyond a one-half mile radius from mine ac t iv i t ies , 
Appropriate setbacks, fences, signs, and roadways shall be established-" t o protect on-site 
personnel. 

to 

What provisions will be taken to prevent noxious, odious, or foul pools of 
water from collecting and remaining on the mined area? 

During a l l mining ac t iv i t ies , the applicant shall ensure that collected pools of 
water within the mine areas shal l be disposed of promptly and properly t o avoid 
stagnation. ' 

F0&H H&-50O 
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"n Enter below your time schedule of reclamation activities that meets the 
i 3 " requirements of Section 48-19-70 of the South Carolina Mining Act. 

RECORD OF OPERATOR'S FLAN AND PROGRESS 

Permit #_ 

Reel amation 
Practice „ 

ffiW^Reqlffratioa. 

*rw-ai Reclanation 

nw a i ^Tarnation 

• W i HfaCtenwfcJL^ 

•fw-nl nwlamatiQEL 

**w&± <3atps rtre based 
i^on a facility start-*gcj 

Segment w 
or 

Area _ 

A 

B 

C 
Leach Pad 
& Foods . 

Pit fo^** 

Amount 
Planned ** 

2SUZ 

49.1 

Ai*£ 

9.4 

JS*3L 

sm. 
9/93 

.Ifll 
9/93 

^sa 

*App1ied ._ 
Month 

Amount and Year 
Hotes 

*To be completed by the Department-

'OU ARE HEREBY NOTIFIED THAT: 

you must file an application to modify the.reclamation plan in the event .actual 
reclamation varies from that set forth hereinabove, and 

m ARE FURTHER NOTIFIED THAT; 

) Section 48-19*100 of the South Carolina Mining Act provides as follows: 
HIf at any time the Department finds that reclamation of the permit area 

is not proceeding in accordance with the reclamation plan and that the operator 
has failed within thirty days after notice to consnenca corrective action, or 
if the Department finds that reclamation has not been properly completed in 
conformance with the reclamation plan within two years, or longer if authorized 
by the Department, after termination of mining on any segment of the permit 
area, i t shall ini t iate forfeiture proceedings against the bond or other 
security filed by the operator under Section 48-19-130, In addition, such 
failure shall constitute grounds for suspension or revocation of the operator's 
permit, as provided in Section 48-19-120." 

Signature of Operator or Authorized Representative 

4kk^ ate Title VJ 



SOUTH CAROLINA LAND RESOURCES CONSERVATION COMMISSION 
DIVISION OF MINING AND RECLAMATION 

2221 Oevlne Street, Suite 222 
Colombia, S. C. 29205 

APPLICATION FOR A KIN INC PERMIT 

"The South Carolina Mining Act," Sections 48-19-10 through 48-19-230, Code of Laws of South Carolina, 1976, as amended 
provides In part; "After January 1, 1975, no operator shall engage In mining without having first obtained from the 
Department ah operating permit which covers the affected land which has not terminated, been revoked, been suspended 
for the period in question, or otherwise become invalid.11 (Section 48-19-40) 

MINE 

i. Name of Mine Barite Hill — County t*£cpidck 

2. Hame of Company Qwalia ..{pSR)..ljrp» ... . — 

(Check form of business entity: Corporation B Partnership D limited Partnership D Sole ProprietorshipO 

3. Home Office Address u r a South Broadway. Sol te 2350 Dawer Colorado 80202 
(Street Address or P. 0. Box) ( c i t y ) [ s t a t e ) (zip code) 

4. Permanent Address for Receipt of Official Hail sams as above 
(name) 

(Street or P. 0. Sox) (city) (state] (zip code) 
Telephone^ 

5. Mine Office Address .. , _ _ _ _ Telephone 
(city) (state) [zip code)"" 

6. Location of Mine Bstween U.S. 378 and U.S. 221, off Road 30 South of McX&nniGk: 
State && County Highway \ Nearest Town or City 

or 
7. Mine Manager Michael Proad, Owaiia (TBft) LTD. 

8. Locate accurately on a county map, or draw a detailed sketch map of: (1) how to get to your local office and 
(2) how to get to the mine and attach to this application, 

FORM MM00| Page 1 of 8 page 
Rev. 6/2V83 



If land 1s leased, complete the following: 

a. Name of lessor wnt-.flgnpHcable 

lessor's address 
(Street Address or P.O. Box} 

Lessor's telephone^ 

b. Date of lease 

T^Ttyl 

Permit I 

(state) (zip code) 

GENERAL CHARACTERISTICS OF HINE: 

1. Total acreage for which permit is requested. Acres owned -&& 

2. Materials mined: cnrn 

Acres leased o 

3. Mining method: Hydraulic Dredge a 

Dragline & Truck • Other 

Self-loading scraper D Underground D Shovel & Truck 

4. Will blasting be a part of your operation? 

5. Present depth of mine n fret 

Yes Ho • 

6. Expected maximum depth of rainef t̂ ^frotinnsf ^sn fv&t MST. 

FORM HR-400 Page 2 of 8 pages 
Rev. 6/2*1/83 



. ' DETERMINATION OF AFFECTED ACREAGE AND BOND: 
I 

1, Humber of years for which permit is requested 

rerun f it 

Five 15) 
(10 years maximum) 

2, Total affected acreage: 

a. Area used for ta i l ings ponds or sediment control ponds 

b. Area used for stockpiles of unprocessed minerals 

, c. Area used for spoil banks and disposal of refuse (exclusive of 
ta i l ings ponds) 

d. Areas used for on-site processing f a c i l i t i e s , stockpiles of 
processed minerals and access 

e. Area for excavation during the period of this penult 

or 

If joining and reclamation are to be done by segments * estimate 
acres of segments: acres x 3 
{Show these segments on Question 13 of reclamation plan and map) 

TOTAL OF 2a THROUGH 2e 

0 

1fft,9z. 

£*± 

15.3,. 

acres 

acres 

acres 

acres 

acres 

Ifcfc appl icable 

,1*0.$ 

acres 

acres 

3. Check acreage to be bonded: total affected acreage figure from B-2 equals acreage to be bonded, 

• 0 - 4,99 acres (bond - $2,500) D 5 - 9.99 acres {bond - $5,000} 

Q 10 - ZA39 acres (bond - $12,500) E 25* acres (bond - $25,000 or more) 

4* Will this operation be covered by a blanket bond? YesD No EH 

If,so, check the amount of blanket bond: 

• $2,500 • $5,000 D $12,500 D $25,000 or more 

fORH MR-400 
Rev. 6/24/83 
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PROTECTION OF NATURAL RESOURCES: 

1. Describe the wildlife or freshwater, estuarine or marine fisheries in the area of the mining operation-

Please see attached "Eavironiiental Survey Export,*1 

2. Is there a waste water treatment system at your plant or mine? Yes D N o 0 . 

3. Is there a point source discharge from your plant or mine? Yes H HoD 

4. Is there an a i r contaminant emission from your mine or plant? Yes H NoD 
Fugitive Cost Br&ssions 

5. Do you anticipate pumping of groundwater? Ves D NoH 

6. Describe methods to be used to prevent physical hazard to'persons and to any neighboring dwelling, 
house* school, church, hospital, commercial or industrial building, or public road, 
&ie mine location i s remote. Oliere are no potential physical hazards t o persons or neighboring 
dwellings for they are beyond a cane-half naile radius from mine ac t iv i t ies - . 

7. Describe methods to be used to prevent an adverse effect on the purposes of a publicly owned 
park, forest, or recreation area. 3*** mine location i s remote. Bo adverse effect i s anticipated on any publicly ov 

park., forest , or recreation area. Present U.S. Barest Service lands, adjacent t o proposed mine lands, shal l become 
property, of a^ J i can t before mining Activit ies commence. Nearby lake *û urcnond i s a recreational lake and shal l foe 
protected from any mine pollutants from applicant's^ compliance with a HPDBS permit. 

8. Describe measures to be taken to insure against (1) substantial deposits of sediment in 
stream beds or lakes, (2) landslides, (3) acid water pollution on adjacent property. 

Please* see attached •description of Mine Jk^ivi t ies aaport," Section 5.0; Hydrologic Design 

9. Describe measures to be taken for screening the operation from public view, 

5he mine location i s remote. I&> screening measures are planned. 

V 
FORK MR-400 Page 4 of 8 pages 



10. Attach om fit copy of a map that contains the following: please see attached "Description of Mine Facilities Eepart" 
, •* 

a. ' Outline of the area that will be affected during the number of years for which the permit is requested; Section 2, 
Figure 2,1 

b. Present ownership of land immediately adjacent to the area to be affected as shown on county tax rsaps, 
surveys, or other reliable sources; please see attached "Bcoperty foldings a t Barite Hi l l" , Figure 2 

c. Outline of planned pits or excavations; Drawing 190-1 

d. Outline of areas for the storage of naturally occurring soil that will be suitable for the establishment 
of vegetation in the final reclamation; Drawing 19Q-1 

" e. Outline of planned areas for disposal of refuse, exclusive of tai l ings ponds; jfone 

f* Outline of planned spoil banks; Drawing 190-1 

g. Outline of areas to be occupied by peaks or ridges;* Drawing 190-1 

h. Locations of planned access and haul roads on the area to be permitted;- Drawing 190-1 

i . Outline of planned ta i l ings and sediment control ponds;- Drawing 190-1 

j . Location and name of streams and lakes and existing drainage ditches within the area to be affected 
with arrows indicating the direction which the water flows in such streams or ditches; Drawing 190-1 

k* Outline of areas on which temporary or permanent vegetation will be established to control erosion 
during the mining permit; sjcme 

1, Outline of areas for stockpiles of unprocessed minerals; Drawing 190-1 

m. Outline of area of previously mined land that will not be affected; Borne 

n. Outline of the area to be occupied by processing fac i l i t i es including stockpiles or processed 
minerals, if such fac i l i t i es are to be an integral , on-site part of the mining operation; Drawing 190-1 

a. A legend showing the name of applicant, the name of the proposed mine, the north arrow, the 
county, the scale, the.date of preparation, and name and t i t l e of the person who prepared the map. Drawing 190-1 

The required map shall have a neat, legible appearance and be of sufficient scale to show clearly the required' 
information. The base for the map shall be ei ther a specially prepared line drawing, aerial photograph, enlarged 
USGS topographic map, or a recently prepared p la t , or a quality copy of any of these, 

FORM MR-400 Page 5 of 8 pages 



Permit # 

We hereby c e r t i f y tha t a l l information and de ta i l s contained hereinabove and on the map are true and correct 
to the best o f our knowledge. We f u l l y understand tha t any w i l l f u l misrepresentation of facts w i l l be cause 
for permit revocat ion. 

1 1 . The operator acknowledges tha t Section 
in par t : 

i-19-100, Code of Laws o f South Carol ina, 19?6, provides 

"Upon rece ip t o f the operator 's annual report or report o f completion of reclamation and at any 
other reasonable t ime the Department may e l e c t , the Department sha l l cause the permit area to be 
inspected to determine whether the operator has complied wi th the reclamation p lan, the requirements 
o f th i s chapter, any rules and regulat ions promulgated hereunder, and the terras and condit ions o f 
t h i s permit . Accredited representat ives o f the Department shal l have the r i g h t at a l l reasonable 
times to enter the land subject to the permit for the purpose of making such inspection and 
inves t iga t ion . 

Sigria%re o f Operator o Authorized Representative 

M ^-JL - V A ^ §OA -CY)Q , ft$t**K>o 
Ti t le 

±k/$l) 
Date 

FORM MR-400 Page 6 o f 8 pages 
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rmsmt 

SUPPLEMENTALINFORMATION REQUIRED BY THE DEPARTMENT; PURSUANT TO REGULATION 89-3 (for Department's use only) 

ADDITIONAL TERMS AND CONDITIONS OF THE PCRHIT REQUIRED BY THE DEPARTMENT (for Department's use only): 

FORM MR-400 Page 7 of 8 pages 
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Permit ff 

TO BE COMPLETED BY DEPARTMENT 

The foregoing application, together with the map dated 
and the reclamation plan dated are hereby approved, 
A permit for mining operation, conditioned upon mining and reclamation being 
performed as set forth in the application and plan and in accordance with the 
foregoing additional terras and conditions, will be issued upon the posting of 
a reclamation bond 1n the amount of $ ; , No raining shall 
take place until a permit for the mining operation has been issued. 

LAND RESOURCES CONSERVATION COMMISSION 

By: 
Division "Director 

Date: 

NOTICE; You must f i l e an application to modify the permit and reclamation plan 
in the event the actual operation varies from that set for th in the 
above-referenced application and reclamation plan. 

H— — 

JFOR OFFICE USE ONLY: 

(Permit No. 
0ate. Issued 

Expiration Date 

Renewal Date 

Cancellation Date 

) 

FORM HR-400 Page 8 of 8 pages 



-Figure 2. Property holdings 
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SOUTH CAROLINA LAND RESOURCES CONSERVATION COMMISSION 

DIVISION OF MINING & RECLAMATION 

2221 Davine Street , Suite 222 

Columbia* 5. C. 29205 

R E C L A M A T I ON P L AN 

Permit Number 
(to be assigned by the 

Department) 

1. Name of Mine Rar i ta Hi l l Project: 

County J^O?nnicK 

2. Name of Company nWB,],in KrmsEsm (Tn tan i^ i«^V.XqB _ 

3. Home Office Address 1 f i 7s Kn»Tt-h Broadway. Strite 2350, Denver 
(city) 

Colorado. Colored 
(state) 

aflso? 

4.' Permanent Address for Receipt of Official Mail 

167S toihh Binw»ftoyr .Suits* ? w y I&&S3; i 02£2 
Tcityf (state) Street Address or P. 0, Sox) 

Telephone ^ n ^ ^ y ^ a n 

5. Mine Office Address j ^ flnnrh...BrmrtwnY.. pniih* ? ^ n , nfffiyy^^plnrmin. 

Te^ ephone QQB) 532-45^0 

irtwny,» ft 

•AQ2.Q2-
[z ipcoda) 

zip code) 

Location Of Mine Between Hw's U.S. 378 and U.S* 221, off Road 3.0, McCormlck# S.C, 

[state or county highway) (nearest town or city) 

6, Mine Manager *&<*»** nrozd. a la l ia (am) L„T.D« 

FORM MR-500 Page 1 of 5 pages 
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APPENDIX E 

RECLAMATION SCHEDULE AND COST ESTIMATE 



NEVADA GOLDFIELDS INC. 
BARITE HILL PROJECT 

LAND DISTURBANCE, RECLAMATION SCHEDULE, ESTIMATED COST 

SEGMENT 

Al 
A2 
Bl 
B2 
B3 
B4 
B5 
B6 
B7 
B8 
B9 
BIO 
Bll 
B12 
CI 
C2 
C3 
C4 
Dl 
D2 
D3 
El 
E2 
E3 

ACREAGE 
AREA DESCRIPTION DISTURBED 

MAIN PIT 
RAINSFORD PIT 
PROCESS PLANT/PONDS 
CRUSHING PLANT 
REUSABLE LEACHPAD 
ORE STOCKPILE 
C AREA POND SYS. 
OFFICE/SHOP AREA 
C LEACHPAD-PHASE 1 
C LEACHPAD-PHASE 2 
C LEACHPAD-PHASE 3 
C AREA POWER LINE 
MAIN ACCESS ROAD 
C DUMP HAUL ROAD 
A DAM AREA 
A DUMP AREA 
A DUMP ACCESS 
SOLID WASTE AREA 
MAIN PIT SED.POND 

20.0 
6.9 
5.3 
2.5 
7.0 
6.9 
5.4 
3.1 
6.5 
3.4 
7.2 
4.6 
2.3 
0.8 
3.9 

19.3 
2.5 
6.7 
1.9 

C AREA SEDIMENT POND 2.0 
C AREA SED POND #2 
A AREA TOPSOIL PILE 
C AREA TOPSOIL PILE 
C AREA TOP.PILE #2 

1.0 
2.7 
1.1 
3.5 

126.5 

YEAR OF 
RECLAMATION 

1995 
1993 
1996 
1995 
1992 
1994 
1996 
1996 
1994 
1995 
1996 
1996 

1992 
1995 
1995 
1995 
1992 
1995 
1996 
1996 
1995 
1996 
1996 

RECLAMATION 
COST 

$ 15,165 
10,046 
33,729 
29,407 
16,359 
8,475 
17,682 
8,553 

38,132 
1 
1 

3,340 

UNDER C4 
52,263 

17,053 
4,713 

6,015 

$260,932 

reclaim-schedule-cost 



NEVADA i30L.DFIEL.DS INC. 
BAR1TE HILL PROJECT 

LAND DISTURBANCE AND RECLAMATION SCHEDULE 

SEGMENT 

Al 
A 2 
Bl 
B2 
B3 
B4 
BS 
BS 
B7 
BS 
B9 
BIO 
Bll 
El 2 
C1 
C2 
03 
C4 
Dl 
D2 
D3 
El 
E2 
E3 

AREA DESCRIPTI ON 

MAIN PIT 
RAINBF'ORD PIT 
PROCESS PLANT/PONDS 
CRUSHING PLANT 
REUSABLE LEACHPAD 
ORE STOCKPILE 
C AREA POND SYSTEM 
OFFICE/SHOP AREA 
C LEACHPAD (PHASE 1) 
C LEACHPAD (PHASE 2) 
C LEACHPAD (PHASE 3) 
C AREA POWER LINE 
MAIN ACCESS ROAD 
C DUMP HAUL ROAD 
A DAM AREA 
A DUMP AREA 
A DUMP ACCESS 
SOLID WASTE AREA 
MAIN PIT SEDIMENT POND 
C AREA SEDIMENT POND 
C AREA SEDIMENT P0ND#2 
A AREA TORSOIL PILE 
C AREA TORSO IL PILE 
C AREA TORSO IL, PILE#2 

ACRAGE DISTURBED-
JURRENT 1992 1993 

0. 
s„ 
5 n 

2 B 

7» 
8, 
5. 
l"' V 

0 
9 
3 
..J 

0 
9 
4 
1 

0 
3 
7 
'".'• 
6 
1 
ji 

i 

3 
9 
w 

o 
7 
9 
0 
0 

to „ b 
3. 4 

9 „ 4 

1. 1 

YEAR OF 
RECLAMATI 

1995 
1993 
1996 
1995 
1992 
1 994 
1 996 
1996 
1 994 
1995 
1996 
1 996 
1996 
1992 
1995 
1995 
1995 
1 992 
1995 
1996 
1996 
1 995 
1 996 
1 996 

97. 4 19„o 9. 8 

http://i30L.DFIEL.DS

